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November  19,  1874. 

WILLIAM  SPOmSWOODE,  M.A.,  Treasurer  and  Vice- 

President,  in  the  Chair. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

General  Bdleau,  Mr.  De  La  Eue,  Capt.  Evans,  Dr.  Gladstone,  and  the 
Bight  Hon.  Lyon  Flayfair,  having  been  nominated  by  the  President,  were 
elected  by  ballot  Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the 
Society. 

The  decease  of  Mrs.  Hooker  having  been  mentioned  from  the  Chair, 
Sir  James  Alderson  proposed,  and  GFeneral  Boileau  seconded,  the  follow- 
ing Besolution,  which  was  unanimously  agreed  to : — "  That  the  Boyal 
Society  desire  to  condole  with  their  President  for  his  loss,  and  to  express 
to  him  their  deep  sympathy  in  his  great  affliction." 

Dr.  Henry  Wyldbore  Eumsey  was  admitted  into  the  Society. 

'The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''  Note  to.  the  '  Report  on  the  Exploration  of  Brixham  Cave ' 
(Phil.  Trans.  1873) .*'  By  G.  Busk,  P.R.S.,  V.P.L.S.  Re- 
ceived  June  22,  1874. 

With  reference  to  Prof.  Owen's  correction  of  the  erroneous  English 
equivalent  for  Lagomys  spelams  (which  occurs,  not  in  the  Report  on  the 
Animal  Remains,  but  in  the  "  General  Conclusions  respecting  the  Brix- 
ham  Cave,"  accompanied,  however,  with  the  proper  scientific  name),  I  have 
merely  to  remark  that  it  is  of  course  a  very  obvious  erratum.    It  \%  OTi<b^ 
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vToii-jmown  tact  is  hardly,  in  the 
a  claim  to  "  original  discovery/' 

3n  the  Tides  of  the  Arctic  Seas. — Part  IV. 
forthumberland  Sound  at  the  Northern  Outlet 
hannel. — Part  V.  The  Tides  of  BeAige  Cove  i 
hannel.''     By  the  Bev.  Samuel  Hauohton,  1 
.C.L.  Oxon.     Received  July  11, 1874. 

(Abstract.) 

)  tidal  observations  were  made  by  Sir  Edward  1 
on  board  of  H.M.S. '  Assistance,'  in  the  summer  o 
<esting,  from  the  fact  that  they  were  made  in  the 
which  tidal  observations  have  been  ever  recorded, 
a  discussion  of  the  heights  and  times  of  high  and  1 
I  partial  results  have  been  obtained,  which,  it  is  1 
•xtended  and  corrected,  by  taking  into  account  the 
other  phases  of  the  tides. 

NOBTHUMBSSI^Ain)  SOTJIH). 

I.  Diumctl  Tide. 
e  Solitidal  Interval, 

i,=7^  49". 
}  Solar  Coefficient,  corrected  for  declination, 

8=4*7  inches. 
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n.  Smtidiumal  Tide. 
Hewt  LnnitidAl  Inteirftl  (obserYed), 

H.  W.  L.  W. 

_0»  36--7.  6"  1-1. 

Ill,  "Oa  Musical  Doodenes,  or  the  Theoiy  of  Conatructiiig 
IiutmmentB  with  Fixed  Tones  in  Just  or  Practicallf  Joat 
Intonation."  By  Albxandbr  J.  Elub,  F.B..S.,  F.S.A., 
F.C.P.S.,  F.C.P.    Received  October  28, 1874. 

This  paper  is  intended  to  complete  and  supplement  three  papem  on 
Munc  which  I  have  already  read  before  the&oyal  Society'.  It  contains 
a  more  complete  theory  of  temperament,  embracmg  that  indicated  by 
Helmholto',  but  not  worked  oat  by  him,  and  its  applicatioa  to  the  theory 
of  constructiiig  musical  instrnmenta  with  an  intonation  practically  just, 
without  change  of  fingering,  and,  if  there  are  three  or  four  performers, 
without  change  of  mechanism.  The  name  Duadene  refers  to  that  collec- 
tion of  twthe  notes,  suitable  to  the  present  manuals,  which  is  made  the 
unit  of  constructioti.  To  obtain  its  precise  form,  and  determioe  the 
number  and  value  of  all  such  duodenes  as  it  is  necessary  to  tune,  I  have 
been  obliged  to  indicate  a  theory  of  harmonic  scales  and  modulation, 
which  I  believe  to  be  entirely  new,  and  which  has  of  course  other  uses. 
The  great  extent  of  the  subject  obliges  me  to  con&ie  this  part  of  my 
paper  to  a  mere  indication. 

A.  Notation,  of  Pitch. 
The  letters  C,  D,  E,  F,  G,  A,  B  indicate  both  musical  tones  and  the 
number  of  vibrations  made  by  the  prime  or  lowest  partial  tone  of  each  in 
a  second ;  so  that,  C  being  known, 

D  =  fC,  Ee=|C,  F=fC,  G=JC,  A  =  |C,  B  =  nc. 

The  marks  $  I'  1 1  ^  J^  are  used  for  fractional  multipliers,  having  the 
following  names  aad  values : — 

sharp,  K       e  y^;    flat,  P  =  j^, 

high,t  =    95;      low,  t  =    gj, 

...      .     „     32805    ,  ,,.      .  S2768 

skhismic,  "■gjjgg!  byposkhiamic,  Jt"^oS' 

>  "On  tbaOonditioiii,  Extent,  and  Bealiadion  of  s  Perfect  Hiulatl  Sosla  on  lutm- 
menl*  with  IKsed  Todm,"  nod  Ju.  SI,  1664,  prinMd  at  length  in  Froceedinge, 
ToL  xiiL  p.  93 ;  "  On  Ihe  PhfuosI  Constitution  ud  Bslationt  of  Mudeal  Choidt,"  end, 
Isrtlj,  "  On  the  Tempenment  of  Huaioal  Initrumente  with  Fixed  Tone*,"  both  raad 
on  June  16,  ISU,  and  printed  at  length  in  the  Proceedinga,  toI  liii.  p.  392  and 
p.  401. 

1,  Sid  ad.  p.  406, 

«2 


«^xv  XUUlUtttOU   u\ 


len  Italic  letters  are  used,  C,,  C,  e,  c',  c'\  &c.  mdi< 
the  pitch  of  the  lowest  note  of  the  yioloncello. 
3  are  used,  no  such  relative  values  are  attributed  t< 

9. 

B.  Temperammt. 

intervals  here  considered  can  be  made  up  of  Fifthi 
Octaves,  taken  up  or  down.    In  other  words,  the  rai 

umbers  of  any  two  tones  can  be  represented  by  I 

9H,  n,  and  p  are  zero,  or  some  positive  or  negative 
[.  the  ratios  of  the  vibrational  numbers  of  all  the  to 

tad  line  is  (I)" .  2^,  and  in  the  same  vertical  ooluni 

r  Octave  being  left  indeterminate.  If,  then,  we  pro 
pposed  to  be  the  lower,  first  horizontallj  to  the  colu] 
I  note,  supposed  to  be  higher  and  in  the  same  Od 

7  to  the  second  note  itself,  and  multiply  or  divide 

&1  step,  according  as  it  is  to  the  right  or  left,  an 

r  s  for  each  vertical  step,  according  as  it  is  upwi 

id  finally  multiply  or  divide  the  result  by  2,  until  1 
)en  1  and  2,  that  fraction  will  be  the  ratio  of  the 

mber  to  the  lower.     Thus  G  to  f%  piv**-  f^  *- 
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Another  object,  therefore,  is  to  make  that  dissonance  as  little  annoying 
as  possible. 

We  find  immediately  by  actual  multiplication, 

(2)    '  (2)  ^^MiSS"*  "^^  *^  comma  of  Pythagoras, (1) 

(?)'-2       =   1"§  -ttJk,  the  diesis (2) 

Multiplying  these  equations  together,  and  extracting  the  cube  root, 

(2)  '  6 '  (5)  *"  SJ  **  ^'  *^®  comma  (of  Didymus) (3) 

Dividing  (1)  by  (3), 

(i)  "i'ls)  «S27ffi==^' *^^®  *^*°^ W 

On  these  equations  depend  all  uniform  temperaments  in  which  every 
Fifth  and  major  Third  preserves  the  same  ratio  throughout. 

Let  y,  T,  X:,  s  be  any  four  fractions  having  relations  similar  to  ^,  ^, 
t  and  IT  respectively  in  (1)  and  (2)  ;  then 

V"-^2^=A»,  and  2-rT»=P^ji (5,  6) 

Subtracting  the  logarithms  of  (1)  and  (2)  from  the  logarithms  of  (5) 
and  (6)  respectively,  we  find 

log  V=log  2-12 .  (log  t-log  ^-f  log  H-log  «), (7) 

log  T=log  |+? .  (log  t-log  ^)-J'(log  ir-log  $), (8) 

which  are  the  fundamental  equations  of  all  temperament,  and  are  identi- 
ties, of  course,  for  just  intonation.  As  they  contain  4  unknown  expres- 
sions, two  may  be  assumed  and  the  rest  found,  giving  rise  to  an  endless 
variety  of  temperaments.  Without  discussing  these  generally,  the  fol- 
lowing cases  should  be  mentioned  :-— 

Cammaiie  System  (for  which  h=l), — This  is  the  only  system  discussed 
in  my  previous  paper,  where  50  cases  were  considered. 

1.  QuirUal  or  Pythagorean  Temperament.    Assume  ^sl,  and  V «==.,» 

then  by  (7), 

logt  +  logir=log«; 
whence  by  (8), 

logT=log5+logt. 

This  temperament  proves  to  be  thoroughly  unsuitable  for  harmony. 

2.  Tertian^  Mesotonic  or  Mean  Temperament.  Assume  kssl  and 
T=5,thenby(8), 

2  log  t=log  f— log  8 ; 


log  V=log  |- j2 .  (log  t+log  f), 

log  T-log;  J+  I  .  (2  log  t-log  f ). 

3g  t=0-005  3950  319  (whence  n  ^  +"'  ^'^^ 
1 0-000  4901  071,  we  may,  to  all  acoustical  pu 
:7j  log  t,  and  hence  that 

log  V=log  g-YT  •  ^^  t=»log  2— log  f , 

log  T-log  ?+^.  log  t-logl+T  log  f. 

Is  the  only  uniform  temperament  which  requires  i 
I,  and  hence,  although  very  ill  suited  to  harmony, 
ally  adopted  by  almost  all  musicians. 

\atic  Systfim  (for  which  ssbI). 
ytmie  or  Arabic,  according  to  Helmholts's  indica 
Assume  stml  and  V=2>  ^^^^  ^7  0\ 

log  ^=log  t+log  f, 

» 

log  T=iog  ?-iog  ir. 


M  tune  17  tones  to  fomti  16  nftrfo/^ 


"Oe^*' 
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my  name  for  y/^»  Since  log  t=88  log  tr  very  nearly,  one  comma  may 
be  said  to  contain  88  skhiBts.  Skbistic  temperament  is  indistinguishable 
from  just  intonation,  and  I  shall  use  it  in  the  theory  of  constructing 
instruments.    If  in  Table  L  we  suppose  the  horizontal  intervals  to  be  stiU 

e  O  fit 

T,  but  the  vertical  intervals  to  be  ^z*  &nd  the  sign  t  to  stand  for  sq  Vjk> 

while  ttsl  as  before,  then  this  Table  represents  skhistic  relations ;  so  that 
if  from  any  note,  as  E|>  (col.  5,  line  x),  we  proceed  by  8  skhistic  Fifths 
up  to  fB  and  then  one  major  Third  to  the  right,  we  find  a  tone  Dj(, 
which,  when  reduced  to  the  same  Octave,  is  identical  with  E|^.  We  thus 
find  a  number  of  skhistic  synonyms  shown  in  Tables  11.  &  III. 

We  may  express  the  errors  in  the  temperaments  just  discussed  in  terms 
of  skhists  thus,  using  $56^  to  mean  "  too  sharp  by  56  skhists,"  and  so 
on,  and  0  to  mean  "  no  error  ": — 


Ju0t. 

1.  QnintAl. 

2.  Tertian. 

3.  Equal 

4.  Skhismic 

6.  Skhistic. 

Minor  Third 

Major  Third 

Fourth    

Fifth 

t>88^ 
$88<r 

0 

0 

tSStr 

t>22^ 

0 
$22<r 
^22a 

0 
$22<r 

t>64ir 
$56<r 

b56<T 

ma 

«8» 
\}8tr 

0 

0 

t>8<r 

0 

biff 

0 

Minor  Sixth 

Major  Sixth  .... 

The  error  of  one  skhist  is  quite  inappreciable  by  the  most  practised 
ears  in  melody,  and  can  be  detected  harmonically  gjoIj  by  very  slow  beats 
for  tones  in  the  highest  Octaves  used  in  music. 

6.  Cyclic  Temperaments,  The  following  method  is  far  more  general 
than  that  given  in  my  previous  paper  (Proc.  vol.  xiii.  p.  412).     Put 

m  .  log  V=v .  log  2,  m  .  log  h^q  .  log  2, 

m  .  log  T=t  .  log  2,  m  .  log  9=z  .  log  2, 

and,  after  substituting  these  values  for  log  Y,  log  T,  log  A:,  log  s  in  the 
logarithms  of  equations  (5)  and  (6),  divide  out  by  log  2,  and  multiply  up 
by  m.    Then 

12v'-7m^q+z,  w— 3<=2^— z (9, 10) 

Take  any  integral  values  for  q  and  z,  and  find  the  integral  values  which 
satisfy  one  of  these  indeterminate  equations  for  v,  m,  or  <,  m,  and  substi- 
tute in  the  other,  taking  the  resulting  integral  values  of  <  or  v  respec- 
tively. The  five  integral  values  determine  a  cycle  in  which  the  Octave  is 
divided  into  m  aliquot  parts,  which  may  be  termed  octo,  v  of  which  make 
a  Fifth,  t  a  major  Third,  q  a  comma,  and  z  a  skhisma  of  '*  the  cycle  of  m" 
Most  of  the  results  are  valueless,  but  the  foUowing  present  eitbet  tVi<e^o 
retical  convenience  or  hJstoi7cai  interest : — 
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CyolBof 

Fifth. 

M-jotThird, 

Oomm., 

fflhitmi^ 

m. 

"■ 

J- 

'■ 

1 

30103 

17609 

9691 

539 

48 

2 

3010 

1761 

869 

5S 

7 

3 

301 

178 

97 

5 

0 

4 

53 

31 

17 

1 

0 

5 

53 

31 

18 

0 

1 

6 

31 

18 

10 

0 

-1 

7 

12 

7 

4 

0 

0 

Of  these,  the  first  three  are  here,  X  believe,  for  the  first  time  shown  to 
be  true  cyclic  temperaments. 

1.  The  cycle  of  30103  b  such  aa  excellent  repreeentatdve  of  just 
intonatioa  (giving  even  6  octs  for  the  skhist),  that  it  can  be  used  without 
sensible  error,  in  place  of  ordinary  logarithms,  to  reduce  the  relations  of 
intervals  to  addition  and  subtraction,  for  general  use  among  mudcianB 
or  learners  unacquainted  with  higher  arithmetic.  By  dividing  out  by 
100,000  we  obtain  almost  predsely  the  five-figure  logarithms  of  the 
interrab. 

2.  The  cycle  of  3010  is  almost  as  correct,  with  smaller  numbers. 

3.  The  cycle  of  301  is  almost  a  perfect  representation  of  skhistic 
temperament,  in  which  the  skhiama  is  eliminated,  and  for  that  reason 
becomes  perhaps  the  most  practical  representation  of  general  musical 
intonation. 

4.  The  firat  cycle  of  53  is  Nicholas  Mercator's  representation  of  just 
intonation,  but  it  is  more  correctly  a  representation  of  skhistic  tempera- 
ment, and  not  so  good  aa  Ko.  3'. 

6.  The  second  cycle  of  53  is  a  very  accurate  representation  of  Py- 
thagorean intonation,  and  has  actually  been  proposed  for  the  violin  by 
Drobisch. 

6.  The  cycle  of  31  is  Huyghens's  Cyclua  Harmonicus,  and  closely  repre- 
sents the  tertian  or  mean  temperament, 

7.  The  cycle  of  12  is  the  ordinary  equal  temperament,  and  ite  principal 
convenience  consiste  in  the  very  small  number  of  its  octa,  here  called 
Semitones. 

Unequal  Temperamenti,  whether  they  consist  of  12  selected  tones  from 
uniform  temperaments,  or  of  12  tones  turned  intentionally  false  (see  my 
former  paper,  Proc.  vol.  xiii.  pp.  414—417,  im  their  theory),  are  now  aban- 
doned- But  the  difficulty  of  tuning  equal  temperament  by  estimation  of 
ear,  or  even  by  the  monochord,  and  of  retaining  the  intonation  of  the 
piuQ  or  organ  unchanged  for  even  an  hour,  makes  all  temperaments  in 
,  actual  UK  really  unequal.     The  difficulty  of  original  tuning  by  estimation 

'  When  thia  paper  was  read,  I  mentioned  that  thia  was  tlie  <7cle  iised  bj  Mr. 
Sosanquet  in  hi>  paper  read  before  the  Bojal  Societ  j  an  30th  Janu&rj,  1673. 
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of  ear  in  the  case  of  skhistic  temperament,  where  the  Fifths  have  to  be 
flattened  by  an  almost  inaudible  skhist,  is  so  much  enhanced  as  to  be 
insupenible  except  by  Scheibler's  method  \  Hence  it  is  necessary  to  find 
a  practical  substitute.    This  I  term 

UnequaUj/  Just  Intonation. — Suppose  that  the  48  tones  marked  ofE  by 
a  dotted  line  in  Table  I.  have  to  be  tuned  in  this  substitute  for  skhistic 
intonation.  Tune  C  to  the  fork.  Take  4  just  Fifths  up  (or  Fourths 
down),  C  to  G,  Q  to  D,  D  to  tA,  tA  to  fE,  without  beats ;  and  three  just 
Fifths  down  (or Fourths  up),C  to  P,  F  to  %  B|>  to  E|>.  Then  tune  C 
to  E  as  a  just  major  Third  up,  without  beats,  and  from  E  proceed  to  its 
just  Fifth  B,  verifying  the  result  by  determining  that  it  is  a  just  major 
Third  above  G,  and  so  on  to  Qjj^  up  and  $G  down.  Then  if  from  G$  we 
proceeded  to  the  just  Fifth,  Djf,  the  resulting  tone  would  be  exactly  one 
skhisma  sharper  than  E|^,  whereas  in  skhistic  intonation  it  would  be 
identical  with  £|>,  as  already  shown.  It  is  needless  to  say  that  no  tuner 
could  effect  this  exact  difference  of  a  skhisma,  but  he  will  come  practically 
near  it,  and  the  error  is  that  of  the  Fifth  (the  least  of  the  errors)  in  equal 
temperament.  If  we  were  to  proceed  in  this  way  for  all  the  six  columns 
of  8  tones  marked  off  in  Table  I.,  we  should  have  just  major  Thirds 
throughout,  and  just  Fifths  also  in  all  but  5  cases — namely,  iDtlt  ^  tBf 
Bjf  to  JG,  Gjf  to  E^,  tE  to  Cb,  and  tC  to  tA^b,  each  of  which  would  be 
too  flat  by  one  skhisma.  Since  tGt  (Table  I.  col.  6,  line  ^)  is  a  just  major 
Third  below  tB,  and  a  just  minor  Third  above  :tE,  but  ^E  is  a  whole 
skhisma  flatter  than  tBjt$  (col.  8,  line  jp),  which  would  be  played  for  :tE, 
it  follows  that  the  minor  Third,  iDtt  ^  tG,  would  be  a  skhisma  too  flat 
or  close ;  and  similarly  that  the  minor  Thirds,  B$  to  £|>,  G^  to  C^,  and 
tE  to  t A[^,  or  4  minor  Thirds  on  the  whole,  would  be  a  skhisma  too 
flat*.    Hence  this  style  of  tuning  gives  5  Fifths  and  4  minor  Thirds,  as 

^  Calculate  the  logarithmB  of  the  ratios  of  all  the  skhistic  tones  by  perpetual  addition 
or  subtraction  of  01760300  (= log  {—log  9)  to  or  from  0,  continually  adding  or  sub- 
tracting 0*9010300  (=log  2)  to  make  the  results  podtire  and  lie  between  thia  and  0. 
Add  the  logarithm  of  the  vibrational  number  of  C,  and  then  find  the  numbers  (to  three 
places  of  decimals)  corresponding  to  these  logarithms.  This  giyee  the  yibrational 
numbers  of  all  the  skhistic  tones  in  the  Octaye,  of  which  48  will  be  required.  Subtract 
4  from  each  of  these  ralues,  and  procure  tuning-forks  giving  exactly  the  tones  thus 
determined  to  at  least  the  hundredth  of  a  vibration  in  a  second.  These  may  be  obtained 
of  the  great  manufacturer  of  acoustic  apparatus,  Mons.  B.  Koenig,  of  Paris ;  but  it  is 
neoeesaij  to  state  that  the  English  and  German  (not  the  French)  system  of  counting 
vibrations  is  to  be  used.  Then  tune  each  tone  roughly  to  the  corresponding  fork,  and 
afterwards  sharpen  it  until  it  beats  4  times  in  a  second  with  the  fork.  By  this  means, 
and  by  this  means  only,  with  great  care  and  attention,  the  pitch  may  probably  be  ob- 
tained with  sufficient  accuracy  to  distinguish  skhistic  from  just  intonation.  And  simi- 
larly for  equal  and  tertian  intonation. 

a  Taking  the  qyde  of  30103,  {Q  contains  17070,  |B  26761,  and  {Dll  9200  octs. 
Hence  the  Fifth,  |D||  to  {B,  has  only  17561  in  place  of  17609  octs,  and  the  minor 
Third,  {D||  to  JG,  only  7870,  in  place  of  7918  octs— that  is,  in  each  case  48  octs  too 
little ;  that  is,  these  intervals  are  one  skhisma  too  flat. 
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had  u  the  hat  intervals  (fifths)  in  equal  tempownent,  and  all  the  otJwr 
intervals  absolutely  just.  Hence  ^QT^soKuneqwdhf  jntt.  In  future  I  shall 
consider  that  akhistic  intonation  is  practically  realized  by  miequallj  just 
intonation,  for  which  the  practical  rule  is  : — time  tix  tone*  mairvig  jvtt 
major  Thirds  tvithout  heals  (as  fPj}  to  tA^  to  C  to  B  to  JGJt  to  JBff,  line  ( 
in  Tablel.),  aiv{_^-c»n  eoA  of  them  hms  seven  other  tonei  making  jugt  Fiftht 
(asCtoOtoDtotAtotE,  andCtoFtoBt)toIl>,inoo].  6of 
Table  I.)- 

Satmder^g  "Tilting  Action," — Before  proceeding  to  show  that  46  akhistic 
tones  suffice  for  modem  modulational  music,  it  will  be  useful  for  future 
constructions  to  remark  that  a  method  of  realizmg  all  the  effects  which  I 
contemplated  by  my  duplex  finger-board  (Proc.  vol.xiii.  p.  422)  has  been 
invented  by  Mr.  T.  W.  Saunders ',  by  means  of  stops,  which  allow  the 
manual  and  fingering  to  remain  unaltered.  Two  sets  of  haimonium 
ribrators  are  orrauged  one  behind  the  other,  tuned  in  tertian  intonation 
(by  means  of  beats,  counted  by  a  pendulum,  which  gives  a  furly  acciuate 
means  of  approximating  to  the  correct  result)  as  foUows,  the  capital 
letters  referring  to  the  white  or  long  digitals,  and  the  smaU  letters  to  the 
black  or  short  digitals,  a  mode  of  distinction  which  I  shall  ctmstautly 
employ : — 

A«* Bltdt>CltltebIT>EJgbFl«tatjGl«fbbq; 

Front CcJfD      dfi  E    F     tfi  Q      gft  A       aj{B 

There  are  12  stops',  one  corresponding  to  each  digital  in  the  Octave, 
which,  by  a  "tUting  action,"  enables  one,  and  one  only,  out  of  the  two 
vibrators  in  the  same  column,  as  shown  above,  to  be  "  damped"  at  plea- 
sure throughout  all  the  Octaves  of  the  instrument.  When  all  the  stops 
are  pushed  in,  the  front  vibrators  only  are  free,  and  any  one  may  be 
exchanged  for  a  back  vibrator  by  pulling  out  its  stop.  Hence  24  out  of 
27  tones  are  under  the  command  of  the  player ;  ^^,  £l]t>,  A\)^  ore 
omitted. 

C.  Hantumie  Sealei. 

A  series  of  tones,  each  of  which  is  consonuit  with  two  other  tones  in 
the  same  aeries  that  are  themselves  consonant  with  each  other,  forms 
what  I  here  mean  by  an  harmonic  aeale.  This  was  not  the  principle  on 
which  scales  were  or^;inally  formed ;  but  this  is  the  way  in  which  the  pitch 
of  the  tones  must  be  determined  for  the  jnst  intonation  of  modem  har- 
mony and  modulation. 

I  As  Ur.  Swuidan  hu  not  p«l«nt«d  bit  inveDtion,  I  am  utuble  to  give  mom  than 
the  indkatioiu  in  the  tsxt,  and  refer  to  him  perKiniiUf ,  st  B.  lAobennl'i  Concertina 
KunhotoT?,  4  Uttle  James  Stre^  Bedford  Bow,  W.C.  Hii  inTentioii'  ofFen  great 
f^^^^i*'^«  for  the  coiutruction  of  experimental  iustrumenta  in  ttaj  unifonn  or  juat 
jatonstioiu    Hi«  hannoniom  <rat  ihown  when  thia  paper  was  read. 

*  Id  the  ipeoimen  ahown'there  are  only  9  etopa.  the  Cff,  Ff|,  Gff  haying  been 
emitted;  but  aa  the  principle  admita  of  tlie  oonitruction  of  12  atopa  as  «aail;  M  9,  the 
L  ia  mentioned  in  the  text. 
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Tite  Hannotae  Ehmmtt  are  the  Fifth,  CxQ  (— |),  the  major  Third, 
C+E  fsi),  and  the  minor  Third,  C-t!^  (~s)>  nsuig  >  notalion  which 
I  have  found  practicallj  very  conTenient  for  represontiiig  the  intemils 
between  two  tones  ;  the  Bymbols  X  ,  +>  —  are  not  to  be  employed  with 
an;  otlier  meaning  between  the  nunea  of  tones.  In  these  elements  it  is 
supposed  that  either  note  may  be  raised  or  depressed  by  any  number  of 
Octaves,  or  be  accompanied  by  snch  Octaves  of  itself. 

The  Harmonic  CtU,  or   Unit  of  Concord,  conBista  of  a  major  triad, 

C+E— G,  and  a  minor  triad,  C—tEl7+G,  arranged  as  in 

f^  Q  the  margin,  and  having  the  same  f^t  C,  and  hence  the 

C  E        same  Fifth  O.    The  Fifth  CxO  is  placed  vertically,  the 

two  nu^or  thirds,  C+E  and  tEt>+G,  are  horinmtal,  and 
tba  two  minor  Thirds,  C— tSt?  and  E— G,  slope  obliquely  frcan  the 
bottom  upwards  to  the  left.  These  poeitiona,  th^  replace  the  symbols 
X ,  + ,  —  ■  Allowing  any  one  of  the  tones  to  be  altered  by  any  number 
of  Octaves,  or  to  have  Octaves  of  itself  added,  and  any  tone  to  be  taken 
as  the  First,  this  eeB,  whence  all  harmony  is  developed,  contains  evety 
chord  recognized  by  musicians  as  a  concord  in  Tertian  Harmony — that  is, 
harmony  depending  on  Octaves,  Fifths,  and  Thirdt  alone,  excluding 
natural  Sevenths  (=2)>  which  form  Septimal  Harmony.  By  Table  L 
cells  can  be  readily  constructed  on  any  tone  as  a  First. 

T^  ffarmonic  H^pbid,  or  Unit  of  Chord--relationahip,  consists  of  two 

cells,  the  First  of  one  being  the  Fifth  of  the  other,  as 

tl^  G  in  the  margin.    Allowing  Octave  variations  as  before,  this 

tAt)  C  E        ccmtains  all  the  three  major  and  three  minor  triads  which 

F  A        have  C  as  one  of  their  constituents,  and  are  thus  related 

in  the  first  degree.  Two  of  these  chords,  the  minor  triad 
A— C+E  on  the  right  or  majw  side,  and  the  major  triad  fA\}+G—fIfy 
on  the  left  or  minor  side,  connecting  the  two  cells  and  due  to  their 
union,  may  be  called  union  triadt,  to  distinguish  them  irota  the  four  ctU 
triadi.  The  heptad  also  contains  all  nm-f^tMonan(  iria(&  (as  I  term  them), 
consisting  of  three  tones,  two  of  which  are  consonant  with  C  but  dissonant 
with  each  other.  Of  these  the  t«n<tA}j+C+E,  which  forms  the  central 
horixontal  line,  is  most  important  for  future  work. 

The  Harmonic   Decad,   or  Unit  of  Harmony,  consists  of   two  heptads 

having  a  common  cell,  and  hence  of  three  cells,  the  Fifth 

tfit}  D  of  the  first,  lowest,  or  suhdominant  cell,  and  the  Fifth  of  the 

t£(>  G  B        second,  middle,  or  tonic  cell,  being  the  First  of  the  second 

tAt}  C  E         cell,  and  First  of  the  third,  highest,  or  dmninant  cell, 

F  A         respectively.     The  decad  contains  three  major  and  three 

minor  cell  triads,  and  two  major  and  two  minor  union  triads 

— that  is,  ten  triads  in  all,  together  with  all  the  discords  po&ub\e  Vi.^o\k\. 
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modulation.    The  rirst  of  the  tonic  cell  is  called  the  fanw  of  the  chead, 
and  gives  its  name  to  it.    The  example,  therefore,  ia  a  C  decad. 

Harmonic  Trichord^  consist  of  three  triads,  one  from  eadi  cell  in  a 
decad,  and  form  eight  gronpa.  Contncting  major  triad  asd  minor  triad 
into  ma  and  mi  respectirely  (with  Italian  TOwels),  and  naming  the  tluee- 
oell  triads  in  order  tfoai  bottom  to  top,  these  8  trichord^  are  distingaished 
ae  follows  in  the  C  decad.  The  triads  are  spread  out  and  marked  by  + 
and  ~ ,  and  the  terminal  triads  are  repeated  in  part  with  an  interpoaed  | 
to  indicate  the  dissonant  interval  of  a  Pythagorean  mintn  Thirds 
of  ■  X=m>  ^  ^^^  ^  ^^  harmonies,  consonant  and  dissonant,  pecoliarto 
any  trichordal,  may  be  collected  at  a  glance. 

i.  Mamama B  -D  j  F+  A  -C-f  B  -Q+  B  -D  [  F-l-  A 

ii.  Mimama B  -D  [  F-tAb-fC+  B  -0+  B  -D  |  F-tAb 

iii.  JVomtoM B  -D  I   F+  A  -C-tEb-|-a+  B  -D  |  F-l-  A 

W.  Jftmtma B  -D   |  F-tAl>+C-tni-fa+  B  -D  j  F-tAb 

T.  JWoHMMu tB6+D  I  F+  A  -C+  B  -O-tBb+D  |  F+  A 

TL  Mimmi tBb+D  j  P-tAl»+0+  B  -O-tBb+D  [  F-tAb 

Tii.  Xanimi tBb  +  D  |  F->-  A  -C-tEb+Q-tBb+D  |  F+  A 

Tiii.  JHMitnu tBb+D  I  F-tAb+O-tHb+a-tBb+D  |  F-tAb 

Each  of  these  8  trichordals  contains  7  tones,  and  when  these  are  reduced 
to  one  Octave  and  sounded  in  order  of  pitch,  they  form  that  particular 
scale  in  which  a  piece  of  music  is  usually  written.  But  in  repeating  them 
each  may  begin  on  any  tone  of  the  seven,  giving  7  modet  (in  the  ancient 
Greek  sense)  to  each  trichordal.  To  distinguish  these,  change  the  m  of 
ttie  name  of  the  triad  containing  the  initial  tone  into^  when  it  is  its  First 
(jtrima),  (  when  it  is  ite  Third  (tertia),  and  ^when  it  is  ite  Fifth 
(^inta),  which  last  is  of  course  required  for  the  highest  or  dominant 
triad  only.  The  final  cadence  fully  distinguishes  the  56  resulting  Karmonxe 
teates.  Of  these  I  append  such  ae  are  usually  acknowledged,  making  them 
^  begin  with  0,  and  changing  the  decad  accordingly.  Between  Hie 
tones  I  use  (.)  for  the  Semibme  |g,  (:)  for  the  high  Semitone  jjg,  (..)  for 
the  minor  Tone  ^,  (■)  for  Hie  major  Tone  g,  and  (.*.)  for  theaugmented 
toneg|- 

1.  C  fttajp&na,  or  ordinary  scale  of  C  m^/or. 

e  ...  d  ..  e  ./  ...ff  ..  a  ...b  .e'. 

2.  F  itiamap&,  one  of  Hehnholti's  modes  of  Uie  Fourth,  or  Qw^tmffe- 

Khkeht. 

c  ..  td  ...».f  ...g  ..  a.Hf  ...c". 

3.  C  mijidma,  UelmholtB's  minor-major  mode,  or  JUoU-DurffaMt^. 

c  ...d  ..  €./  ...>j.fai,.:b.c: 
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4.  C  minima,  HelmhoItE's  mode  of  the  minor  Seventh  with  the  leading 

note,  or  SeptimengesMeekt  mit  dem  Leittone^  a  very  usual  form 
of  the  modem  ascending  scale  of  G  minor. 

0  . . .  a  .  T^  . .  f  , .,  g  . .  a  . . .  6  •  c'. 

5.  C  mipima,  the  theoretical  modem  ascending  scale  of  G  minor. 

e  . . .  rf  .  +^  . .  f  , ,,  g  ,  +aj;>  .•.  h  .  e', 

6.  F  mamapi,  considered  by  Helmholts  (op,  eit.  p.  434.  no.  6)  as  a 

variant  of  the  mode  of  the  minor  Seventh. 

e  , ,  td  :  +^  ../...  5^  . .  d  »  ^}  . . .  c*. 

7.  Gmapmt,  Helmholts's  mode  of  the  minor  Seventh  without  the 

leading  note. 

8.  G  mipimi^  Helmholtz's  mode  of  the  minor  Third,  or  Terzeng^- 

sMechtf  the  ordinary  form  of  the  modem  descending  scale  of 
G  minor. 

e  . .,  d  .  +^  '  *  f  '  '•  g  -  ta[>  . . .  fh\^  . .  d*. 

9.  F  mimipi^  Helmholtz's   mode  of  the   minor  Sixth,  or  Seostenge- 

sehUcht. 

c  ,  dji}  ...  +<j>  , .  f  , ..  g  .  fa\}  . .  l^  . . .  c'. 

These  56  harmonic  scales  are  all  that  can  be  produced  without  modu- 
lation. 

To  retain  old  names  as  much  as  possible,  G  mapdma  will  be  called 
C  major^  and  all  three,  G  mipimt,  mipimaj  mapima^  will  be  considered  as 
making  up  G  ntinor,  whilst  other  forms  will  be  termed  unusual  minor 
scales.  All  these,  however,  and  more  of  the  56  scales  mentioned  above, 
actually  occur  in  modem  music,  at  least  for  short  phrases,^although  the 
usual  major  and  minor  alone  characterize  whole  compositions. 

D.  Modtilation  and  Duodmation, 

Although  a  decad  consists  of  complete  triads  and  cells,  yet  it  is  evident 
that  one  or  two  of  the  cells  may  be  made  parts  of  other  decads',  and  that 
the  union  triads  may  be  regarded  as  parts  of  cells  left  incomplete.  The 
tones  forming  these  cells  and  unions  are  therefore  ambiguous,  and  there 
is  always  a  tendency  to  complete  them  in  a  different  way  from  that  in 
the  original  decad,  or,  in  other  words,  to  proceed  to  the  other  decads  of 
which  they  form  a  part.  By  an  extension  of  the  term  modulation, 
which  originally  referred  to  a  mere  change  of  mode,  this  change  of 
decad  might  still  be  c^led  modulation,  although  dscadation  might  be  more 
appropriate. 


J.  €M  uepcad  as  tonics,  and  contains  24 

16  heptadecad  of  C,  in  which  the  decad  of  C  is  p 
16  added  tones  necessary  to  complete  the  heptac 
'n  the  right  solfeggio  names  are  proposed  as  substit 
ith  Italian  vowels.     These  names  are  founded  o 
bnic  Sol^sts,  and  are  suitable  to  any  original  toi 
itroduced  because  singers  in  just  intonation  should 
>  the  "  mental  effect "  of  each  of  these  tones  in  relati 
he  decads  are  named  from  the  names  of  the  tones  i 
he  Q  decad  is  the  dominant  or  So  decad ;  the  F  th( 
toad ;  the  A  the  right  relative,  or  major  Sixth,  or  L 
9  left  relative  or  minor  Third  or  Mo  decad;  the 
ative  or  major  Third,  or  Mi  decad ;  and  the  tA|7  is 
minor  Sixth  or  Lo  decad — all  with  reference  to  th 
ad.    These  six  decads  are  related  to  the  original 
ree.    The  dominant  and  subdominant  decads  hav 
relative  and  correlative  decads  have  each  six  tonei 
original  decad.    The  dominant  decad  raises  two  U 

na,  gg,  to  tf  and  ta,  and  one,  F,  bj  a  sharp,  j^,  \ 

nt  depresses  two  tones,  tBt>  and  D,  by  a  comma, 
D,  by  a  sharp,  to  d{>.  These  two  decads  are  there 
)  original.    The  right  relative  decad  depresses 

a,  to  td,  and  raises  three  tones,  F,  G,  G,  by  i 

clf»  tgJf-    The  right  correlative  d«vH»^  — - 
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chordaly  witii  the  fulleet  and  best  harmonies,  is  undoubtedly  the  nutmania 
or  major ^  consisting  of  the  central  and  right  columns  of  the  decad  con- 
taining it,  modulaticm  (or  decadation)  to  the  right  is  more  common  than 
modulation  to  the  left ;  and,  owing  to  the  closer  relationship,  modulation 
to  the  right  relative  is  more  common  than  into  the  right  correlative,  which 
generally  occurs  as  a  vertical  (dominant)  modulation  from  the  latter. 
Vertical  (dominant  or  subdominant)  modulations  are,  however,  the  most 
common  of  all,  unconsciously  (owing  to  commatic  temperament)  into 
the  subdominant  (when  the  minor  chord,  td— f +a,  is  used  for  the  chord 
of  the  added  Sixth,  f+a  |  d),  and  consciously  into  the  dominant  (in 
which,  however,  only  Q(,  and  not  fa,  is  commonly  recognised). 

The  vertical  modulation  is  so  common  that  it  influences  scales,  producing 
actual  tetrachordals,  which  are  disguised  in  melody  by  being  occasionally 
deprived  of  their  extreme  tones,  so  as  to  reduce  their  apparent  number  at 
any  time  to  7.  The  fourth  chord  may  be  added  on  to  the  name  by  a 
hyphen.    Thus  we  have 

C  fiMMnajpdma b[>+Jd— f-fa—c+e— g-|-b— d, 

in  which  the  b[>  is  seldom  touched  except  in  the  chord  of  the  dominant 
Seventh,  c+e— g  |  b[>,  and  then  not  in  melody,  but  td  often  comes  into 
melody.    Similarly  we  have 

C  majpdmorma f +  a— c-fe— g+b— d+fjf— ta, 

where  ta  is  not  touched  in  the  melody.  But  in  minor  scales  this  is  more 
marked,  as 

A  mimipd-ma td— f+a— c+e-f+gj— b+td#— fjf, 

where  td  and  fj(  are  not  touched  in  the  melody ;  so  that  the  scale  reads 

«•/•*•  t9t  •  <*  . . .  6  .  C  .'.  td'H  .  e\ 

with  4  semitones  and  2  augmented  tones,  which  has  an  extremely  strange 
effect  \    Another  scale  of  this  kind  is 

A  m»wtpi-wa td—f +a— c+e— g+b+Jd#  — fj{, 

which  occurs  in  the  modem  treatment  of  Helmholtz's  mode  of  the  minor 
Sixth  (No.  9,  above).    The  apparent  scale  is 

e  ,f  . .,  g  . .  a  . . .  &  .  c  .*.  t^'$  •  e', 

which  has  3  Semitones.  These  are,  in  &ct,  all  cases  of  vertical  modula- 
tion (or  decadation) ;  and  it  is  only  by  recognizing  this  fact  that  we  are 
able  to  reduce  them  to  just  intonation.  They  have  not  been,  however, 
hitherto  so  conceived,  and  hence  it  became  necessary,  for  the  purposes  of 

^  This  scale  and  its  harmoniM  are  taken  from  0.  Child  Spenser's  '  Budimentaiy  and 
Practical  Treatise  on  Music/  vol.  ii.  p.  42.  He  does  not  acknowledge  either  |d  or  f| ;  but 
he  really  uses  )d  in  his  second  chord,  ^d  a  ^d'  f^  and  he  only  avoids  f  |  bj  using 
f+a. . .  b+)d|  for  the  usual  chord  of  the  dominant  Seventh,  b+)d|— f|  |  a. 
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this  paper,  to  explain  them.  A  means  of  putting  the  ifcnnge-looking 
chords',  f +a  . . .  b+tdj(,  and  f +»— c  with  td#,  or  f +a  with  td#,  vhidi 
they  contain,  under  the  hands  of  the  performer  on  justly  intoned  inetm- 
ments,  is  absolutely  necessary. 

The  Hartttcnie  Duodene  or  Eltment  of  Modulation,  aa  distangnished  frcm 
the  heptadecad  or  unit  of  modiUation,  contains  the  12  tones  inclnaed 
within  an  oblong  in  the  figure  of  the  heptadecad.  It  is  seen  to  contain 
a  complete  decad  of  C  and  two  additional  tones,  Qt  and  dt>,  vhich  I  term 
mutatort,  as  each  of  them  is  purt  of  two  cells,  and  hence  lead  the  old 
decad  to  change  into  the  new  decads  containing  them.  Thus  £(  ia 
part  of 

the  vertical  cell     tf  ta  and  of  the  lateral  cell      D  f% 

DfJt  BtdJ. 

and  hence  leads  both  to  the  dominant  decad  and  to  the  right  correlative 
decad.    Again,  d|>  is  a  part  of 

the  vertical  cell     dt>  F  and  of  the  lateral  cell     t^  tAt> 

bbJd  d>P, 

and  hence  leads  to  the  subdominant  decad  and  to  the  left  conelative 
decad.  But  these  mutators,  f)(  and  d|>,  also  complete  two  scales  left 
incomplete  in  the  decad  because  they  required  vertical  modulation  (or 
decadation),  namely, 

tAt,»wp<im«....  d|>+f--h>|>+c-t(<>+g-tb|?.  and 

E     mipimt  ....  a    — c+  e   — g+  b  — d+  fjt, 

and  also  complete  the  peculiar  chords,  dj^+F  ...  Q+B,  tAt}+C  ... 
D+ft,  Dfj+F-tAjj  with  B,  tA[,+C-tItj  vrith  fjf,  which  occur  in  the 
tetnchordals  of  minor  scales  already  mentioned, 

A  duodene,  then,  consists  of  12  tones,  forming  four  trinet  of  major 
Thirds  arranged  in  three  quatemiont  of  Fifths.  Hence  the  duodene  con- 
structed on  the  second  tone  C  of  any  trine,  tA^-f  C+E,  contains  the 
mapdma  or  major  of  the  first  tone  t A  [>,  the  complete  deead  of  the  second 
tone  G,  and  the  tnipimi  or  common  defending  minor  of  the  third  tone  E. 
It  has  therefore  three  tonics,  tA[},  C,  and  E ;  but  the  tonic  of  the  decad 
being  most  characteristic,  this  is  called  the  root  at  the  duodene,  and  the 
duodene  is  named  after  it. 

Any  duodene  b  cleu'ly  and  sharply  separated  from  its  adjacent  trines 
and  quaternions,  as  shown  in  Table  I.,  where  the  small  innermost  oblong 
marks  off  the  duodene  of  C.  For  in  the  duodene  the  smallest  intervals 
between  two  adjacent  tones  are  the  Semitone,  je,  (fS  to  G,  B  to  C,  E  to  F, 

>  The  joMiBcftUon  of  tbcss  ehordi  ii  that  the  inUmi/to  {^'1*2  .  iA  ■  I  ■  ^|t-^ 
4=1  -  ^},  uid  i>  henoe  Tcr;  ntMrlj  the  inlvml  of  Uw  nstural  Seventh  =  {. 
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D  to  tH>,  G  to  tA|j,  C  to  d|>) ;  the  Sharp,  |g,(F  to  fjt.dj)  toD);  and 
the  low  Sharp,  ^.  (tBt>  to  B.  t^j  to  E,  tAf)  to  A).  But  if  we  take  th,e 
trine  abore,  tf+ta+cJt,  we  have  two  intervals  of  a  comma,  t,  (F  to  tf, 
A  to  ta),  and  one  of  a  diaskhisma,  f^,  (c$  to  dt>).  If  we  take  the  trine 
below,  ^+bt>+td,  we  have  the  eame  intorvals  of  a  comma  (bt)  to  tBt>, 
td  to  D)i  and  a  diaakhisma  (fS  to  g[>).  If  we  take  the  quatomion  to  the 
right,  as  ^cjt  x  tgS^  x  td$  x  aj(,  we  have  three  intorvals  of  a  diesis,  ftj^, 
(aj  to  tBb,  tdif  to  t^  t^  to  tAb,  and  tcj{  to  d|j) ;  and  similarly  if 
we  proceed  to  the  left.  Hence  the  intorvals  introduced  hj  adjacent 
trinea  and  quatomions  are  all  less  than  two  commas.  In  equal  tempers- 
ment  no  new  intervals  would  be  thus  introduced;  for  all  the  Fifths  are 
there  so  altered  that  the  new  upper  trine,  tempered  ff-\-fa+cfi,  would 
become  idtntioal  with  the  original  bottom  trine,  tempered  d(>-J-F+A, 
except  in  order  of  terms ;  and  the  new  quaternion  to  the  right,  tempered 
tcji  X  ig$  X  tdjt  X  0$,  would  be  idetUical  both  in  value  and  order  of  terms 
with  the  old  quaternion  to  the  left,  tempered  djj  x  t AIj  x  fF^)  x  tBt>.  The 
consequence  is  that  only  one  daodem  exists  for  equal  temperament,  and 
the  real  nature  of  modulation  is  thoroughly  disguiaed.  In  tertian  tem- 
perament this  would  not  be  the  case ;  the  quaternions  would  be  distin- 
guished, but  the  trines  would  partly  coincide,  and  hence  some,  but  not  all, 
of  the  meaning  of  modulation  would  be  lost'. 

'  If  in  l^ble  I.  th«  ngut  t  ]  be  omitMd,  and  the  latUn  snd  the  aigns  f  b  bs  takea 
te  hava  their  tiIom  in  TertUn  or  itaj  uniform  oommiitia  temperameDt  (eioept  th» 
Squal,  which  ii  alio  ikhiunatic),  the  Titble  will  repTMont  the  correeponding  duodenea. 
Sut  if  the  lett«n  And  agaa  |  b  ire  taken  to  have  their  r&lue  in  Che  Equal  tempera- 


=Db 

(■bowing  the  uttMlj  abeurd  relstione  between  ajmboLizatiQn  and  ngniflcstion),  then  the 
Mune  Table  will  reduce  to  Che  one  central  duodene  with  its  Cimee  differently  diitribiit«d. 
31iu  will  be  itill  better  shown  bj  using 

OodDdeEFrgOgaAsbB 

for  the  12  digitali  on  a  piano,  ao  that  the  oentntl  duodene  and  ite  adjacent  trines  and 

qiiAtamiona  reduce  to 


cd 

F 

A 

cd 

P 

i 

ab 
dfl 

D 

^ 

ab 
de 
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C 

it 

A 

D 

tg 

ab 

D 

f8 
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In  skliistic  mtoofttiou,  the  modiSctttion  of  the  Fifth  lead^  to  a  modi- 
fication of  the  comma  and  obliteration  of  the  sUuBma ; '  ho  that  the  two 
first  tones,  skhiatic  tf,  ts,  of  the  new  upper  trine,  tf +ta+c$,  are  otu 
skhistic  comma  higher,  and  the  third,  skhistic  t^  is  on«  Bkhiatic  comma 
lovier  than  the  two  last  tones,  F,  A,  and  the  first  tone  T^  of  the  old 
trine,  Dt;+F+ A.  And  the  tones  of  the  new  right  quaternion  will  be 
in  the  same  order,  exactly  two  skMstic  conunaa_/Ia««r  than  the  old  left- 
hand  quaternion'. 

The  consequence  is  that  if  we  took  4  independent  duodenes  (that  is, 
such  that  no  tone  of  one  is  common  Ut  any  t^ine  of  the  other)  as  the  duo- 
denes  of  tBt>,  A]t,  G^,  and  +F$,  the  tones  of  which  are  contained  within 
the  dotted  lines  and  right  side  of  the  inner  oblong  of  Table  I.,  the  tones 
of  the  duodenes  A$  and  tFjt  will  be  two  commas  flatter  than  those  of 
tB^)  and  Q\} ;  and  the  tones  of  the  twojirst  quatemionB  of  the  tB{}  and 
AJt  duodenea  will  be  one  comma  iharper  than  those  of  the  tu/o  last 
qoatemionB  of  0\}  and  iFif,  while  the  tones  of  the  third  quatemions  of 
tBt;  and  A$  will  be  one  comma  jfntt^r  than  those  of  the  duod^kes  of  0^ 
and  JPJt  respectively. 

The  result,  then,  is  that  the  48  tones  will  consist  of  four  corresponding 
sets  of  12  tones  each  appearing  in  4  forms,  differing  in  pitch  by  one 
sMiistic  comma.  This  will  appear  more  clearly  by  the  following  Table, 
±D  which  the  value  in  octs  of  the  cycle  of  301  is  given  for  73  t^nea,  being 
those  in  cols.  i.  to  vi.  of  Table  I.,  less  those  in  col,  i.,  lines  I,  m,  n,  and 
col.  Ti.,  lines  y,  z.  The  48  of  those  tonea  contained  in  4  independent  duo- 
denes  are  in  Boman  capitals,  the  other  of  the  73  tones,  which  are  some 
of  their  skhistic  synonyme,  are  in  Eoman  small  letters,  tmd  other  syno- 
nyms are  added  in  Italict ;  the  whole  are  divided  into  groups  of  4,  the 
COUBtitueDts  of  which  differ  from  one  another  by  5  octs,  or  one  skhistic 


'  This  U  readilj  seen  by  eipr««sing  the  tonet  in  tennB  of  the  octs  of  the  ejcle  of  301 , 
by  ooDtinusUy  adding  and  BUbtracting  176  for  the  Fifths  and  BT  for  the  major  Thirds, 
■rdding  or  mbtrscting  301  as  often  as  is  neceesnrj  to  reduce  lo  the  eame  Octare.  A 
lUdstic  oomnut  1*  represented  bj  5  octs.    This  give* 

Times.  Octi. 


tdb 

tf 
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el 

tgb 

tBb 

D 

F| 

af 

tEb 

(* 

B 

tfb 

tAb 

(! 

B 

is 

t-bbb 

Db 

f 

A 

tebb 

«" 

bb 

Id 

t'« 

33 

130 

227 

23 

120 

158 

M 

148 

79 

I7« 

273 

107 

an 

0 

97 

IW 

232 

las 

•Il'i 

18 

66 

153 
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Tones 

i 

Octs. 

Tones 

1 

Octs. 

Tones. 

Octa. 

CI     :db 

bll 

18 

tEl 

tt/ 

115 

mt  ta      tt6bb 
gll     A       J6bb 

217 

tAII 

23 
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If 

120 

222 

tcf     Db 

tt6|| 

28 
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tgll   tA        bbb 

227 

ttcf    tDbttt*« 

33 

ffet 

tF 

gbb 

130 

ttgll  tta       tBbb 

232 

tC##  }}rf 

«<?bb 

41 

m 

U^b 

ett 

143 

}A|    tp 
A|     Ibb 

240 

c$t    }D 

ebb 

46 

F| 

i</i> 

tdfl 

148 

245 

tell      D 

(rt)b 

51 

tfl 

Gb 

ttell 

153 

ta|        Bb 

250 
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t«bb 
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tab  tttdfi 
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ttal      tBb 
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64 

tnt  tfa7 
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all    }B      ttcb 
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69 

fii 

tG 

iflbb 
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tall      B       :cb 
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dl       Eb 

74 

V99 

G 

abb 

176 
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tdl     tSb 

79 
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tAbb 
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mt  Je 
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dbb 

0 
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5 

Since,  then,  the  duodena  of  C  is  precisely  adapted  for  placing  on  our 
ordinary  manuals,  and  no  corresponding  tones  which  have  to  be  intro- 
duced within  these  limits  will  be  more  than  two  or  three  commas  sharper 
or  flatter  than  these,  such  corresponding  tones  (owing  to  our  habits  of 
reading  musical  notes  into  directions  for  using  digitals)  will  be  all  fitted 
for  being  played  on  the  same  digitals.  This  is  the  most  important  point 
in  the  practical  construction  of  instruments,  and  is  for  the  first  time 
pointed  out  in  this  paper. 

Another  important  result  is,  that  if  we  take  any  12  consecutive  skhistic 
tones  in  order  of  Fifths,  or  8  consecutive  tones  in  that  order,  and  4 
others  separated  from  them  by  24  or  48  Fifths,  although  such  tones  will 
not  form  a  duodene,  they  will  be  12  tones  suitable  for  our  manuals, 
uid  will  therefore  afford  the  means  of  temporarily  supplementing  other 
arnuigements. 

In  skhistic  intonation,  then,  the  modulational  peculiarities  of  just 
intonation  are  preserved ;  and  it  will  be  convenient  in  future  to  consider 
modulation  as  taking  place  by  duodenes,  and  hence  consisting  of  dttodena- 
tion.  We  shall  therefore  have  in  just  intonation  both  vertical  and 
lateral  duodenation  to  consider ;  but  in  skhistic  intonation  it  will  be  seen 
by  Table  II.  that  one  right  lateral  dii>odenation,  as  from  root  tB|7  to  root 
D,  is  the  same  as  eight  descetiding  vertical  duodenations,  for  these  would 
in  just  intonation  lead  to  the  root  E|^,  which,  as  shown  in  the  last  Table, 
is  skhistically  identical  with  D.  Hence  in  skhistic  intonatiolV  we  have,  so 
far  as  instruments  are  concerned,  only  to  render  vertical  duodenation 
possible  and  easy. 
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And  in  writing  music,  if  we  note  at  the  top  of  any  bar  the  nanie  of  the 
duodene  to  which  the  notes  to  be  played  belong,  and  suppose  this  duodenal 
(as  the  mark  may  be  called,  in  contradistinction  to  the  tignature,  which 
will  remain  as  before)  to  hold  till  a  new  one  is  written  (according  to  the 
custom  of  musical  signatures),  we  shall  be  able  precisely  to  mark  the  pitch 
of  every  tone  in  just  or  skhistic  intonation,  without  introducing  any  change 
or  any  additionai  tign  into  the  ttaff-notation  of  muste '.  This  is  again  an 
entirely  new  practical  principle  resulting  from  the  present  theory.  The 
duodenal  will  direct  the  player  to  the  mode  of  arranging  the  manual  he 
hu  to  use.  It  should  bethedutfof  thecoinpoaertomeerttheduodenols 
himself ;  but  in  respect  of  existing  compositions,  which  were  composed  for 
some  commatio  system  of  temperament,  it  wiU  be  often  difficult  to  deter- 
mine which  ot  two  adjacent  vertical  duodenes  it  would  be  best  to  use  ; 
and  it  will  probably  be  necessary  to  introduce  commatic  changes,  when 
they  can  be  made  within  the  limits  of  a  single  heptadecad.  Also  in  the 
case  of  compositions  in  a  major  scale,  which  do  not  chauge  into  the  minora 
d  the  same  decad,  and  hence  use  only  two  quaternions  of  a  duodene,  but 
will  necessarily  and  frequently  modulate  to  the  right,  it  is  more  convenient 
to  consider  the  music  as  performed  in  the  first  and  second  quaternions  of 
a  duodene  having  for  its  root  the  Third  of  the  major  scale,  because  the 
third  quaternion  of  that  duodene  contains  the  tones  required  for  right 
lateral  modulation.  Thus  C  major  will  be  assigned  to  the  duodene  of  B, 
No.  19  of  Table  II.,  and  F  major  to  the  duodene  of  A,  No.  20  of  Table  II., 
Ac.  This  makes  the  modulation  from  the  major  into  the  relative  minor 
as  simple  and  direct  aa  vertical  modulation,  for  C  major  passes  into  any 
form  of  A  minor  or  major  by  descending  vertically  from  the  duodene  of 
E  to  that  of  A.  All  pieces  in  any  minor  scale  pass  into  each  of  the  three 
quaternions  of  a  duodene,  and  hence  their  duodenal  will  be  the  tonic  of 
tiieir  decad,  which  gives  its  name  to  the  duodene.  The  duodene  is  then 
prepared  for  playing  the  synonymous  major  of  that  minor  scale.  Such 
duodenals  might  be  distiDguished  by  an  added  star. 

It  often  happens  that  passing  tones,  changing  notes  and  appoggiatare, 
are  introduced  which  do  not  belong  to  the  harmony.  They  are  written 
nsually  after  the  laws  of  Pythagorean  temperament,  but  their  pitch  is 
really  indeterminate.  For  these  there  is  no  occasion  to  change  the  duo- 
denal at  all.     They  will  then  be  played  in  the  duodene  of  the  other 


I  For  theoretical  and  eiperimeDtal  purposes  it  may  be  eometiinee  <> 
ngni  eqaiTBlent  to  t  ]  in  the- itafT-aotation  itaelf.  The  agat  ^  ^  for  t,  tt,  and 
I  U  for  ],  t],  being  the  tails  of  quaTers  and  semiquBTen,  are  well  adapted  for  this  pur- 
pow.  The  dimetion  ot  the  angles  show  ascent  and  descent,  and  the  forms  exist  as 
^p«s  for  every  required  position  on  the  staff;  thus  ta,  td,  tbb,  and  Jgl,  would  be 
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harmonies  hy  a  tone  of  not  more  than  two  commas  different,  which  must 
be  considered  as  their  proper  representative  in  just  intonation. 

E.  Number  of  Tones  required. 

The  next  important  point  is  to  determine  how  manj  duodenes  must  be 
prodded.  In  Table  I.  the  large  inner  oblong  contains  all  the  duodenes 
which  have  at  least  one  tone  in  common  with  the  original  duodene  of  C. 
Thus  the  duodenes  tD|>  and  :tB  have  respectively  the  tones  tBt>  and  A 
in  common  with  the  original  duodene,  and  no  others.  If  we  proceeded 
further,  as  vertically  from  the  tDJ?  to  the  ttA[>  duodene,  we  should  no 
longer  have  any  connexion  with  the  decad  of  the  original  tonic  C.  The 
confusions  of  modem  equal  temperament  might  lead  much  further ;  but 
in  that  case  we  must  restore  the  commatic  changes  which  equal  tempera- 
ment ignored,  considering,  for  example,  that  when  the  composer  modu- 
lated into  tempered  A|;>  from  tempered  D|>  he  really  meant  to  make  a 
modulation  from  just  Jy\}  into  just  tA[>,  and  not  from  tD|>  to  just  ttAj^. 
It  would  probably  have  never  been  the  composer's  intention  to  proceed  to 
such  unrelated  duodenes  as  these  two  last. 

The  limits  of  the  original  roots  of  duodenes  may  be  taken  to  be  the  tones 
of  the  duodene  of  C.  Practically,  composers  had  no  others  in  their  minds. 
Any  smaller  changes  of  pitch  were  relegated  to  differences  in  the  pitch 
of  C,  whence  all  the  others  were  derived.  If,  then,  we  construct  the 
limiting  duodenes  to  the  extreme  tones  of  the  duodene  of  C  as  original 
roots,  we  shall  obtain  all  the  tones  in  Table  I.,  being  9x13=117  in 
-number.  This  is  the  number  of  tones  required,  therefore,  in  just 
intonation. 

Skhistic  intonation  would  introduce  identifications  which  would  reduce 
this  number  to  the  9  x  8=72  tones  in  the  lines  p  to  a?  in  Table  I.,  toge- 
ther with  three  in  col.  1,  lines  l,  m,  n,  and  two  in  col.  9,  lines  y  and  z,  that 
is  to  77  skhistic  tones  in  all.  The  last  6  are  so  extremely  unlikely  to 
occur,  however,  that  we  may  consider  these  72  skhistic  tones  as  suffi- 
ciently representing  the  whole  117  of  the  Table.  These  72  tones  form 
6  independent  duodenes,  those  of  ttEy>,  D  and  tCjfjjf,  and  of  t(^,  B[> 
and  tAJif.  It  will  be  shown  that  there  is  really  no  difficulty  in  plajdng 
them  all,  with  existing  means,  if  required;  but  they  would  not  be 
required.  The  tendency  of  musicians  is  not  to  modulate  to  both  right 
and  left  equally  in  the  same  piece.  It  has  been  already  noted  that  on 
account  of  the  prevalence  of  major  scales  duodenation  is  generally  to  the 
right.  The  fingering  for  the  duodenes  of  tBt>  and  A$  would  be  the  same 
on  TTii^nnala  constructed  on  the  duodenary  theory,  although  the  tones  in 
skhistic  intonation  would  differ  by  two  skhistic  commas.  If,  then,  a  piece 
in  tB{>  duodenated  much  to  the  left,  that  is  (for  skhistic  intonation), 
ascended  vertically,  we  could  play  it  as  A$.  It  would  simply  be  neces- 
sary to  write  tB[>  as  its  duodenal,  as  that  is  shown  to  be  identical  with 
A$  in  the  last  Table.    We  should  then  be  able  to  use  aaoendm^  ^uodk^oBr- 


22  Mr.  A.  J.  Ellis  on  Mtuieal  Duodenei.        .[Not.  19, 

tion  with  great  ease,  oa  shown  in  Table  II.,  even  if  columns  1  and  S  in 
Table  I.  were  omitted.  Hence  we  may  b^in  by  cancelling  colnnuis  land 
2  of  Table  II,  In  riew  of  the  greater  frequency  of  right  lateral  or 
descending  daodenation,  we  need  only  reject  column  9  to  the  ri^t'.  We 
have  thus  reduced  the  just  tones  to  the  6  x  13=78  in  columns  I,  to  ti. 
of  Table  I.  The  skhiatic  identifications  reduce  these  fnrther  to  the 
6x8=48  tones  in  lines ^  to  x  of  the  same  columns,  together  wil^  tha 
three  tones  in  col.  i.,  I,  *>>,  n,  and  the  two  in  col.  ti.,  y,  2.  As  these  tones 
may,  I  think,  be  always  avoided  by  properly  dioosing  the  original  root, 
motiTes  of  conTenience  induce  me  to  reduce  the  number  of  skhistic  tones 
necessary  to  the  48  included  by  the  dotted  lines  in  cols.  i.  to  TI.  of 
Table  I. 

In  my  former  paper  ('  Proceedings,'  vol.  xiii.  p.  08),  not  having  taken  a 
sufficiently  comprehensive  view  of  the  nature  of  modulation,  I  fixed  the 
number  of  just  tones  required  at  72  instead  of  117,  and  showed  t}iat  t^^ 
would  reduce  by  skhismatic  substitution  (for  I  had  not  then  worked  out 
the  theory  of  skhistic  temperament)  to  45;  and  on  examination  it  will  be 
found  that  these  45  include  the  48  which  I  have  just  named,  with  the 
exception  of  those  in  col.  i.,  lines  p  and  q,  and  col.  vi.,  line  x  of  Table  I. 
The  tones  used  in  Mr.  Liston'a  organ  (according  to  the  statement  I  was 
able  to  give  in  '  Proceedings,'  vol.  xiii,  p.  417,  note  §),  on  being  treated 
skhistically,  include  44  of  these  48  tones,  omitting  the  4  tones  in  col.  i., 
lines  w,  X,  col,  v.,  line  x,  and  col.  vi,,  line  x,  and  introduces  two  others 
found  in  col.  2,  Hoes  p  and  x,  and  probably  only  due  to  his  system  of 
tuning.  He  has  thus  46  tones  in  all.  Gen.  T.  Perronet  Thompson's  organ 
(see  my  paper  in  '  Proceedings,'  vol.  siii.  p.  102),  when  similarly  reduced, 
has  38  of  my  48  tones,  omitting  all  col.  i.,  col.  n.,  line  x,  and  col.  ti., 
line  r  in  Table  I.,  and  retfuning  the  two  tones  of  col.  vi.,  lines  y,  s,  which 
I  do  not  find  necessary,  Mr,  Poole's  latest  organ  (Silliman's  Journal 
for  1S67,  pp.  1  to  45),  after  rejecting  his  39  natoral  Sevenths,  which  I 
expressly  exclude,  has  61  just  tones,  which  reduce  to  the  36  skhistic 
tones  in  col.  11.,  lines  qtax,  cols,  in,,  iT.,  and  t.,  linesp  to  x,  and  col.  ti., 
lines^tof.  These  are  the  principal  attempts  at  Limiting  the  scale  actually 
made  up  to  this  time ;  and  hence  I  conclude  that  my  reduction  to  48 
skhistic  tones  (that  is,  practically,  unequally  just  tones)  would  embrace 
almost  every  case,  though  it  is  conceivable  that  some  extraordinary  music 
might  make  it  advisable  to  introduce  12  more,  namely,  col.  2,  lines  p  to 
X,  and  col.  9,  linesp  to  »,  making  60  tones  in  all,  for  adding  which  pro- 
vision should  be  made. 


'  If  in  chkngin  of  kej  in  the  moTementa  of  >  long  piece  modulation  took  pUco  fint 
much  to  the  left  and  then  much  to  the  right,  we  ought  perhaps  make  comniBtii;  chuige* 
betveen  the  moToments,  without  disturbing  the  conneiiou.  And  when  chtuigee  are 
introduced  bj  aucceBBions  of  discords,  such  comnuitic  rhsu^ea  could  not  be  obaerred  at 
«U  by  the  liitener.  Bj  the  age  of  the  duodenal,  however,  the^  will  be  rendered  per- 
'wtlj  tjmpls  to  the  performer. 
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The  48  tones  thus  pointed  out  form  the  32  trines,  which,  with  their 
skhifltic  synonyms,  are  shown  on  Table  II.  By  taking  these  in  quater- 
nions we  obtain  29  duodenes.  In  Table  II.  the  root  of  the  duodene  is 
written  against  its  uppermost  trine,  and  hence  the  root  itself  is  found  in 
the  middle  of  the  second  trine  below,  and  the  whole  duodene  extends  to 
the  third  trine  below.  Trines  on  the  same  line  are  skhistically  identical, 
the  capitals  indicating  the  names  of  the  48  selected  tones  of  cols.  i.  to  Ti., 
lines  ^  to  AT,  in  Table  I.  In  Table  HI.  the  roots  of  these  duodenes  ara 
arranged  in  4  columns,  of  which  each  tone  in  the  same  line  is  skhis- 
tically identical;  but,  proceeding  from  left  to  right,  each  tone  is,  in 
just  intonation,  one  skhisma  flatter  than  the  next  adjacent  tone  on 
the  right. 

In  Table  III.,  abo,  the  tones  in  each  of  the  duodenes  are  written  down 
in  the  order  in  which  they  would  stand  on  a  manual ;  but  the  skhistic 
identities  of  the  central  column  of  tones  in  the  preceding  Table  of  Octs 
(p.  19)  haye  been  used  to  give  the  same  names  to  all  the  tones  in  one 
column,  exclusiye  of  the  prefixed  t  and  J.  "We  thus  see  clearly  that 
three  new  tones  are  introduced  by  each  new  successive  duodene,  tWo 
falling  and  one  rising  by  a  skhistic  comma,  as  respects  the  tones  they 
replace.  We  also  see  that  each  tone  prevails  through  4  consecutive 
duodenes,  and  that  there  are  4,  and  only  4,  varieties  of  t,  t  in  each 
column. 

This  completes  the  theory  of  the  construction  of  instruments,  because 
the  rest  is  properly  the  work  of  the  mechanician,  and  consists  simply  in 
devising  a  method  for  bringing  each  of  these  29  duodenes  under  the  hand 
of  the  performer,  when  indicated  by  the  duodenal.  It  will  be  sufficient 
here  to  point  out  a  few  experimental  instruments,  to  suggest  some  prac- 
tical forms,  and  to  show  that  means  of  playing  in  just  intonation  with 
fixed  tones  already  exist. 

F.  Justly  or  Skhistically  Intoned  Instruments. 

1.  Just  Concertina  (exhibited  when  this  paper  was  read).     The  C  con- 
certina described  in  my  former  paper  (Proceedings, 
tA  vol.  xiii.  p.  104)  contains  the  portion  of  a  hepta- 

D        pj(  decad  shown  in  the  margin — that  is,  the  duodene  of 

G  B  JDJ  E  with  the  exception  of  A$,  and  the  duodene  of  A 
C  E  tG#  with  the  exception  of  JFJf.  It  has  the  whole  decad 
F  A  JCjf ,  of  E,  and  the  major  scales  of  F,  C,  G,  E.  I  have 
B(>     JD  found  it  a  most  useful  instrument  in  all  my  ex- 

periments.     Using  capitals  for  white  and  small 
letters  for  black  studs,  its  14  notes  are  tuned  thus  : — 

C  ic#,    D  td,    E  Jd*,    F  f#,    G  tg#,    tA  a,    B  bt>. 
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2.  Jwt  ffarmonium  (exlubited   when  this   paper   wu  read).      For 

ardinary  lecture  and  iUustntive  puiposee,  this  u 
tF  the  cheapest  and  best  inatniment.    It  contains  the 

f  Bt)      D  portion  of  a  heptadecad  shown  in  the  mai^^n,  and 

tE^      Q         B  hence  contains  the  duodene  of  C  with  the  exception 

tAt>      C        E         of  Fjf,  the  whole  decad  of  C,  and  the  major  acalea 
I^       r         A  of  tHj  and  tAJj.      The  two  last  show  vertical 

modulation.  Ag^,  fB^}  major  or  tA[)  major  to  C 
decad  shows  right  lateral,  and,  inversely,  C  decad  to  tl})  major  or  tAf) 
major  shows  left  lateral  modulation.  The  F  and  tF  show  the  inflmenoe 
of  a  comma,  and  the  difference  betweenthe  just  triad,  I}|}+F—tAt),  and 
the  Pythagorean  triad,  D^  with  tF  and  tAb-  Also  in  the  key  of  tlt> 
major  the  difference  can  be  shown  between  the  minor  chord,  F — tA|> + 0, 
and  the  chord  of  the  added  Sixth,  tAt)+C  [  tF.  It  also  contains  tiie 
German  Siith,  Dfj+F— tA|j  with  B  (which  is  a  close  imitation  of  the 
chord  of  the  natural  Seventh),  the  Italian  Sixth,  Dfj+F  with  B,and  die 
French  Sixth,  Dt)+F  .  ..O  +  B.  Using  capitals  and  small  letters  for 
the  black  and  white  keys,  they  are  arranged  thus  : — 

Cd|>DtetjBFtfGta|>AtbtjB. 

The  tF  ia  placed  on  the  FJt  digital,  and  the  fingering  is  normal  in  other 
respects.  The  five  tones,  d|j  x  tat>  x  tet)  x  tb^  x  tf,  will  then  enable  us 
to  play  all  Scotch  and  other  music  containing  only  five  tones,  in  perfectly 
just  intonation,  on  the  black  digitals,  and  t«  show  that  such  music  om- 
Dot  be  harmonized.  The  practical  direction  for  tuning  is,  "tune  the 
following  7  major  chords  without  beats,  putting  tF  on  the  FJf  distal, 
FAC.  CEG,  GBD;  Dt> F t Ajj,  tAb C tl^?,  tE^ G tBjj,  tBt> D tF." 
A  four-Octave  instrument  was  thus  tuned  in  two  hours. 

3.  H^htharmonium.  This  requires  two  rows  of  vibrators  and  Mr. 
Saunders's  "  tilting  action,"  already  described.  The  vibrators  are  dis- 
posed thus : — 

Back   . . ,  .  tDb  tcJt  tD  JdJt  til>  tF  JfJt  tGl>  IgJ  JA     bt>  tCl> 
Front  ....    C       d^     D  tet>      B       F     fJt    G     tab     A  tbt>     B. 

This  harmonium  contains  all  the  tones  in  a  heptadecad  (whence  its 
name),  and  consequently  illustrates  every  kind  of  modulation  in  the  first 
degree,  and  becomes  a  most  valuable  instrument  for  the  lecturer  and 
teacher  of  singing.  The  front  vibrators,  to  which  correspond  the  digitals 
when  the  stops  are  all  pushed  in,  contain  the  whole  duodene  of  C,  and 
.  the  stops  enable  the  player  to  exchange  their  tones  for  those  in  the  six 
other  decads.  All  tie  on  the  usual  digitals  except  tDb  ^^d  '''Gb.  which 
are  placed  on  the  long  white  digitals  of  C  and  G,  in  place  of  the  short 
black  digitals  next  to  their  right,  as  these  were  wanted  for  Jcjf  and  tgj. 
This  makes  a  slight  difference  in  the  fingering  of  t^>  minor  and 
similar  scales. 
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4.  HelmhoU£$  Hamumiwm  (Tonempfindungen,  p.  496).  Two  sets  of 
vibrators  are  toned,  the  back  set  to  the  duodene  of  E|>  or  Dj|;,  No.  14, 
Tables  U.  and  lU.,  and  the  front  set  to  duodene  of  tQ>  or  B,  No.  18,  of 
the  same.  This  rastrument  contains  the  eight  trines,  Nos.  14  to  21,  and 
the  five  duodenes,  Nos.  14  to  18,  Table  11.  The  "  tilting  action  "  pro- 
duces a  most  useful  experimental  instrument,  which  is  far  easier  to  use 
than  Helmholtz's  own  double  manual  rastrument,  because  it  has  only 
one  manual,  and  requires  no  alteration  in  ordinary  fingering.  For  this 
purpose  the  stops  may  be  reduced  to  four,  each  changing  a  trine  instead 
of  a  single  note. 

5.  Oueroult's  Harmonium  (Comptes  Eendus,  1872,  p.  1188).  This, 
again,  may  be  treated  as  the  last  by  means  of  Mr.  Saunders's  '*  tilting 
action."  Two  sets  of  vibrators  must  be  used,  the  back  set  tuned  to  duo- 
dene JDt>  or  C#,  No.  16,  and  the  front  to  JB^b  or  A,  No.  20,  of 
Tables  II.  and  III.    M.  Gu^roult  tuned  the  Bj(  of  duodene  No.  16  as 

54638 
B'$  =  5^75''^$)  SO  as  to  make  the  combioational  tone  of  G^$  and  B'$  the 

same  as  that  of  B'$  and  E|>,  the  other  tones  being  tuned  in  just  intona- 
tion from  C.  Omitting  this  as  unnecessary,  the  instrument  contains  the 
eight  trines,  Nos.  16  to  23  of  Table  II.,  and  the  five  duodenes,  Nos,  16 
to  20.  M.  Queroult  arranged  the  tones  somewhat  differently  for  two 
manuals. 

6.  Duoni,  Trioni,  Quartoni,  Quintoni,  Sestoni.  The  Bussian  horn-band 
which  visited  London  some  years  ago,  and  produed  great  effects  by  each 
performer's  playing  a  single  tone  only  (and  hence,  probably,  in  just 
intonation),  and  the  customs  of  hand-bell  and  church-bell  ringers,  who 
each  play  a  single  note  in  a  melody,  have  suggested  to  me  the  use  of  two, 
three,  four,  Jive,  or  suv  harmoniums  or  pianofortes,  indicated  by  the  above 
names,  for  the  purpose  of  playing  in  skhistic  or  unequally  just  intonation, 
by  means  of  two,  three,  four,  five,  or  six  performers,  among  whom  the 
tones  are  distributed.  The  Duoni  are  intended  for  two  independent  duo- 
denes, as  in  the  two  last  cases,  the  Quartoni  for  four  such,  plajring  the 
whole  48  tones,  the  Sestoni  for  six,  in  the  almost  impossible  case  of  72 
tones  being  required.  The  Trioni  supplement  the  Duoni  by  using  12 
additional  tones,  forming  consecutive  Fifths,  and  hence  not  constituting 
a  duodene,  by  which  means  the  36  tones  of  Mr.  Poole's  compass  can  be 
played.  The  Quintoni  supplement  the  Quartoni  in  a  similar  manner  ;  but 
the  first  8  tones  are  those  in  col.  2,  lines  p  to  a?,  and  the  last  4  those 
in  col.  9,  lines  ^  to  «  of  Table  11. — giving  60  tones  on  the  whole, 
chosen  so  as  to  supplement  without  changing  the  arrangement  of  the 
Quartoni. 

In  each  case  separate  harmoniums  or  pianos  are  used,  with  no  change 
in  existing  mechanism  or  fingering,  but  only  in  intonation ;  so  that  the 
instruments  could  be  obtained  and  tuned  in  unequally  just  intonation,  as 
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already  described,  without  difficulty,  at  a  day's  notice.  The  music  is  to 
be  marked  with  the  proper  duodenalsi  and  the  duodeuea  thus  indicated 
are  to  be  transcribed  separately,  and  divided  into  parts  by  tnuiaverse 
lines,  corresponding  to  the  tones  existing  on  the  diEEerent  instraments. 
The  copyist  writes  out  a  separate  part  for  each  performer  (which  bad 
better  have  an  indication  of  the  complet«  harmony  annexed),  in  which 
only  those  notes  that  belong  to  his  own  instrument  are  written.  Thus, 
suppose  that  the  duodene  is  F$,  and  the  lines  show  what  tones  lie  on 
(I1 1  tE    GJ       Bit  ^^^  instmment  (I.,  II.,  III.),  as  in  the  mar- 

gin.      Suppose  that  the  succession  of  chords 

tA    CJF       Efl  eS,gth-d%  ft  r-Jt  «'#  c"t,  and  B  t^t  ft  6' 

(I.)     D    Fit  I    A*  (HI.)  bas  to  be  played.      The  tones  will  be  distri- 

G-   B    j  +DJf  buted  as  in  the  margin.    Considerable  practice 

would  be  necessary  to  take  up  the  uot«B  truly  at  the  right  moment,  but 

{<!'t  fe"fl  ffc'  there  U  no  longer  any  instrumental  or  digitatvmtU 

-y     J  e't  \f%        difficulty  in  playing  in  ju*t  intonation. 

I  /$  |_  B  Leaving  Dubni  aside  as  sufficiently  indicated 

"T^yT^     ~Z     "^      [3~     in  the  two  last  cases,  and  of  only  eiperimental 

^ - zz. interest,  and  Se»l6ni  as  practically  not  required, 

(HI.)  et  a't  *<^ii  it  will  be  enough  to  explain  the  tuning  of 
Tridni,  Quartdni,  and  Qainloai. 

Tri4ni.     Tune  the  three  instruments  thus  : — 

(I.)  C  Idt>  D  tet>  B  tF  Jgt>  G  tab  tA  tbb  B 
(n.)  IC  db  iD  eb  +E  F  gb  JG  aj?  A  bb  tB 
(UI.)  JBJt  ;c#  tCtS  tdjf  JB    Bit  iff  iFJfff  tg#    iGjtJt    aJt    IB 

Then  (I.)  is  in  the  duodene  of  G,  No.  10,  and  (II.)  in  that  of  E^. 
Ko.  14  of  Tables  II.  and  UI. ;  and  this  readily  gives  the  method  of 
tuning  them.  (HI.)  consists  of  12  tones  forming  consecutive  Fifths  from 
B0  to  IE,  col.  7,  lines  qtoy,  and  from  +G$$  to  +Bf ,  col.  8,  linos  §  to  t  of 
Table  I.  For  (III.)  begin  by  tuning  JGJt  a  major  Third  without  beats 
to  E  in  (I.),  and  then  work  up  to  EJ  and  down  to  IE  by  Fifths,  verifying 
with  the  corresponding  major  Thirds  below  in  (I.)  and  (II.).  Then  tune 
IBJt  a  major  Third  above  IGJ,  and  tune  up  by  Fifths  to  *Qtt<  verifying 
by  the  major  Thirds  below,  which  lie  all  in  (HI.)-  By  this  the  three 
iastruments  are  completely  in  tnue,  and  give  the  17  duonienes,  Nos.  10  to 
26,  Table  II.,  containing  Mr.  Poole's  scale  of  36  tones. 

QiMrt6ni  are  much  simpler,  because  they  contain  the  four  independent 
duodenes, 

(I.)    of  tBb,  No.  1,  (UI.)  of    AJJ,  No.  25, 

(U.)  oe    Gb,  No.  5,  (IV.)  of  JF#,  No.  29 

Hft  Table  UI.,  where  the  corresponding  lines  give  the  tuning  of  each 
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instroinent.  The  arrangement  of  tones  is  managed  as  before.  Suppose, 
for  example,  we  have  to  play  the  succession  of  chords  ege'  ^,  ffe'a', 
^ 9  f  ^t  ^^^  eg  t!  e'  in  the  duodene  of  C,  this  duodene  would  be 
written  and  the  tones  would  be  distributed  among  the  four  instru- 
ments as  follows : — 


<i)  tf  S  I*  (III-) 


(H.)  '^    % 


I    (IV-) 


(I.) 

9^ 

9d 

9 

(n.) 

C 

<!f 

f 

ed 

(in.) 



V 

— 

(IV.) 

€ 

o' 



^ 

Q^inUlni  have  five  instruments,  (I.)  to  (IV.)  being  tuned  as  in  Qiiar- 
i6ni^  and  (Y .)  added  when  bj  some  extraordinary  vagaries  of  modulation 
more  than  48  tones  are  needed.  (Y.)  is  tuned  thus,  where  the  sjmonyms 
show  the  meaning  of  the  arrangement : — 

(V.)tDbb   tbffttKbb    tfbb    ttFb    tGbb   }e«  ttAbb    }f«#    ttBbb    tcbb  JAJf 
=ttC      \Xc%    ttD      tteb   tttB    ttF      \\ft    tta      \\g%      tttA     ttbb   }}B 

The  tuning  of  (Y.)  is  effected  thus  : — Tune  ttA[>(>  as  a  major  Third 
below  tQ>  on  (I.),  and  then  work  up  by  Fifths  to  ttPl>  and  down  to 
tFl>|>,  verifying  by  the  major  Thirds  above  in  (I.)  and  (II.).  Then  tune 
tAJftf  as  a  major  Third  above  +F#Jf  in  (ILL.),  and  work  up  by  Fifths  to 
tFjfJfjf,  verifying  by  the  major  Thirds  below  in  (III.).  The  notation 
of  the  tones,  though  inevitable,  is  frightful;  but  the  tuning  is  very 
simple,  and  the  use  of  the  duodenal  leaves  the  old  staff-notation  un- 
changed. It  is  most  probable  that  the  fifth  instrument  would  never  be 
wanted. 

7.  Oreat  and  Small  Duodenary  Harmonmrn,  Although  the  mode  just 
explained  places  just  intonation  at  the  immediate  command  of  three  or 
four  performers,  yet  it  seems  necessary  to  suggest  a  mode  of  putting  all 
the  17  or  29  duodenes  at  the  command  of  a  single  performer.  I  suggest 
the  following  for  consideration.  It  seems  practicable,  but  would  doubt- 
less require  much  mechanical  treatment  from  harmonium-builders  before 
it  would  act  properly.  It  will  be  enough  to  indicate  the  form  of  the 
great  duodenary. 

Take  four  sets  of  vibrators,  tuned  as  for  Quartdni,  and  placed  one 
behind  the  other,  each  opening  with  a  separate  valve  connected  with 
a  digital.  Sometimes  two  digitals  will  have  to  be  connected  with 
the  same  valve.  Conceive  the  manual  as  a  set  of  29  *'  steps,"  with 
|-Lnch  "  tread  "  and  |-inch  "  rise,"  the  lowest  step  next  the  per- 
former. Each  step  for  the  length  of  an  Octave  is  divided  into  12 
digitals  corresponding  to   the  colunms  in   Table  III.      The  width  of 


28  til.  A.  3 .  BMia  on  Muticat  Duotiene».         [Nov.  19, 

tbe  digitals  to  be  as  follows  for  Xo.  11  *of  Table  HE.,  in  eigktlu  of 
an  iiieh : — 

Cdl>Dtet)EFJ:gt>Gta|jAtb|jB 
635355353536 

The  digitals  corresponding  to  tbe  small  letters  are  to  rise  ^  inch  above 
tbe  otbers  and  to  be  bevelled,  so  that  the;  are  |  inch  wide  at  bottom,  and 
j  inch  wide  at  top.  Each  Bt«p  is  then  a  miniature  finger-board  in 
the  ordinary  arrangement.  Whenever  any  note  occurs  in  4  conaecntiv« 
steps,  as  shown  by  the  cross  lines  in  Table  III.,  its  4  digitals  are  to  be 
consolidated  iato  one,  so  that,  except  in  "steps"  1  to  3  and  26  to  29,  the 
digitals  will  be  practically  3  inches  long.  To  show  which  digitals  are 
consolidated,  colour  tbe  low  wide  digitals  alternately  white  and  light 
red,  and  tbe  high  narrow  digitals  alternately  light  bine  and  light 
brown,  distinctions  of  colour  easily  seen.  To  mark  tbe  duodene, 
draw  a  black  line,  j  inch  broad,  across  the  digital  bearing  the  name 
of  the  duodene,  and  put  a  black  circle  of  |  inch  in  diameter  on  the 
tonic  of  the  major  scale  which  it  contains.  The  lines  thus  marked, 
together  with  the  alternation  of  colour,  will  clearly  distinguish  each 
duodene. 

The  depth  of  this  manual  from  front  to  bock  would  be  21|  inches,  and 
the  rise  7J  inches;  the  width  of  an  Octave  from  Cto  £  is  6}  inches, 
and  from  C  to  e  is  f^  inches.  This  last  width  is  7f  inches  on  the 
piano;  but  as  the  hand  would  on  the  duodenary  always  have  to  dip 
between  high  digitals  to  strike  Octaves  of  low  digitals,  it  must  be 
held  more  upright,  and  hence  its  span  will  be  less.  A  manual  of 
five  Octaves  and  one  note,  C  to  c"",  will  be  31|  inches  long.  The 
number  of  movable  digitals  in  each  column  of  Table  III.  is  8,  which 
open  only  4  valves ;  this  will  necessitate  coupling — the  details  result- 
ing from  Table  III.,  which  may  be  considered  as  a  ground-plan  of  this 
manual'. 

>  When  thJB  p«p«r  waa  read  I  mentioned  that  the  4S  tones,  making  29  duod^OM,  of 
litblee  II.  and  lU.  could  be  played  on  Mr.  Boeonquet'a  "generalized  key-bond,"  as 
exhibited  to  the  Bofal  Society  when  his  paper  waa  read  on  January  30,  1S73,  with  Um 
diSculty  in  merbomnn  tlum  by  the  plan  I  proposed  (of  which  a  model  waa  exhibited), 
but  that  abghtly  new  fingering  would  then  be  neceaaary  ;  and  alio  that  the  72  tonea  of 
Table  I.,  lines  ptox,  maldng  53  duodeneg,  might  be  played  by  the  same  arrangemeDt 
on  a  manual  not  larger  than  that  which  I  proposed  for  the  48  tones  or  29  duodenes ; 
uid  hence  that  the  sole  advantage  of  my  scheme  For  a  manual  was  its  preservation  of 
the  preamt  fingering,  against  which  had  t«  be  set  off  the  advantage  that  the  new  finger- 
ing of  Mr.  Bosanquet  would  be  the  same  in  all  keys  or  duodenes.  The 
faowerer.  would  retnain  different  from  Mr.  Bosanquet'a, 
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Table  I. 


Limits  of  Duodenation  and  Number  of  Tones. 


I. 


n.    in.     IV.     V. 


VI. 


1. 


3. 


4. 


5. 


6.        7. 


8. 


9. 


m 


tttBbb      ttDb        ttF        ttA 
tttEbb      ttGb        ttBb        tD 


tC«      tE#       GH«       Bit 

fF$     tA#       at       Btt 


V 
9 


r 

8 

t 


w 

X 


tttAbb 

ttCb 

ttFb 
ttBbb 

ttEbb 

ttAbb 

tDbb 

tGbb 

tCbb 
tFbb 

tBbbb 

ttEb 

tG 

tB 

I># 

F«« 

A|« 

ttDbb 

ttGbb 

;  ttAb 
:    tDb 

tGb 
tCb 
tPb 
tBbb 

tEbb 
tAbb 

tc 

tF 

tE 
tA 

G# 

B« 

A« 
tl>» 

ten 

tc« 

m     \ 

tB       t: 

\mt 

fCII 

\^tt 
\Bt 

fA# 

ttCbb 
ttFbb 
ttBbbb 
ttEbbb 

tBb 

tEb 

tAb 

Db 

D 
G 
C 
F 

F« 
B 
E 
A 

ttAbbb 
tDbbb 

Gb 
Cb 

Bb 
Eb 

tGbbb 

Dbb 

Fb 

Ab 

tc 

tE        tj 

\^t 

mtt 

Gill 


toiii 


IFIII 

Ibii 


lEII 
tA»» 

\xptt 

:tGni 


^tcii 

^tFII 


ttBI 


tCbbb      tEbbb        Gbb       Bbb    {Db      {P       }A        }{C|         {{El 


m 


n 


P 
2 


r 
a 
t 
u 


to 

X 


y 


z 


The  tones  in  the  amaill  central  oblong  form  the  duodene  of  which  C  is  the  root. 

The  tones  in  the  large  central  oblong  form  all  the  duodenes  which  hare  at  least  one 
tone  in  common  with  the  central  duodene  of  C,  forming  the  limits  of  radical  duodena- 
tion from  C. 

The  complete  Table  contains  all  the  duodenes  which  hare  at  least  one  tone  in  com- 
mon with  duodenes  whose  roots  are  tones  in  the  duodene  of  C,  forming  the  limits  of 
general  radical  duodenation. 

The  48  tones  in  columns  I.  to  VI.,  between  the  dotted  lines,  are  those  considered 
sufficient  for  instruments  with  fixed  tones  in  skhistic  or  unequally  just  intonation. 


■ 

■ 

■ 

^^^H 

h 
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Table  11. 

of  Trines  and  Duodenes  in  order  oE  Fifths. 

1  out  tlifl  4S  tom's  IQ  Tnble  I. ;  (he  isobH  letters  ire  iynoojnu. 

"«••■ 

No. 

Trine. 

Name. 

No. 

Trine. 

tA 
I> 
G 
C 
F 

m 

Eb 
ftb 

is" 

!fb 

ttAt 
tDf 
fCK 
tC( 
tFf 
tB 
tE 
tA 

D 
O 
C 
F 

1 
■2 
3 

fi 
7 

8 

9 
10 

1 

ttgl    ttbf      tdll 
t+ol    t+el       tgll 
+tf(     tt-ol      tpfl 

t+b     trf(    nsi 

t+c         fgl      tb» 
'ts          tcl        tBi 

td     tri    tu 

tg     tb      di 

to       IE       Gl 
tP       tA       CI 
tBt>       D       FI 
tEb      Q       B 
tAb       C       K 

ten 
tKM 
tB| 
+RI 

+  AJ 

9 
10 
11 
12 

tthj    t.llf   tflM 
tief     Irfl    1b« 
tt^S     trlf    ttll 
td|     >ff|    tuff 
tgS    'hf       dff 

■ 
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Table  III. 


Uanuah  for  Duodenary  InstrumeDts. 
The  Capital  letten  indiotM  broad  mid  k.u-  nmA\  letMn  narrow  attd  high,  digitals. 


•mo  of  Ihiodeoe. 

No. 

1 

2 

S 

4 

5 

6 

r 

a  1  9 

10 

11     13 

ttM 

T 

tc 

tdb 

D 

teb 

tE 

tF 

tgb 

Q 

tt»b 

tA 

tbb 

l-tB 

td| 

s 

c 

tdb 

D 

tab 

ttB 

tp 

tgb 

Q 

tab 

fA 

tbb 

ttB 

+8l 

3 

c 

db 

D 

teb 

ttB 

F 

tgb 

Q 

tab 

ttA 

tbb 

ttB 

'     tcl 

4 

c 

dbj'tD' 

teb 

ttB 

F 

S'o 

0 

tab 

ftA 

bb 

ttB 

'     tfl 

5 

c 

db 

tD 

eb 

ttB 

P 

8b 

Tg" 

t»b 

ttA 

bb 

tB 

tb 

6 

Tc" 

db 

tD 

flb 

tB 

F 

$'» 

to 

ab 

ttA 

bb 

tB 

ta 

J 

tc 

Tdb 

tD 

eb 

tB 

V 

gb 

tG 

ab 

tA 

^ 

tB 

b   ta 

8 

♦c 

Jdb 

D 

eb 

tB 

tF 

t«b 

to 

■b 

tA 

tbb 

tB 

'      D     tcM 

S 

tc 

Jdb 

D 

teb 

tE 

tF 

tsb 

a 

ab 

tA 

tbb 

~B 

'      O     tfll 

10 

c 

Jdb 

D 

teb 

E 

tF 

Igb 

G 

tab 

tA 

tbb 

B 

b     C     tb| 

n 

c 

db 

D 

teb 

B 

~V 

Is" 

a 

tab 

A 

tbb 

B 

»      P     +,.J 

12 

c 

db 

tD 

teb 

E 

¥ 

gb 

o 

tab 

A 

~bb 

B 

)        Bb    +.S 

13 

c 

db 

iD 

eb 

B 

F 

gb 

lo 

tab 

A 

bb 

tB 

Eb      df 

14 

Ic 

db 

P 

eb 

tE 

F 

gb 

to 

ab 

A 

bb 

tB 

Ab     gS 

IS 

tc 

T^ 

ID 

eb 

tB 

~JP 

gb 

10 

ab 

71 

bb 

tB 

;Dt.      ol 

Ifi 

!C 

!db 

D 

eb 

tE 

tP 

tg" 

to 

ab 

tA 

"jbb 

tB 

Igb      Fl    VM 

17 

)C 

tdb 

D 

1^ 

tE 

]F 

tgb 

G 

ab 

tA 

tbb 

B 

Jrb       B      taM 

IB 

c 

tdb 

D 

Jcb 

E 

IF 

Igb 

G 

tab 

tA 

tbb 

B 

Jfb      E      dM 

10 

0 

ttdb 

D 

t<-b 

E 

F 

tgb 

G 

tab 

A 

tbb 

B 

thbb     A      it* 

20 

c 

Udb 

~i^ 

teb 

B 

F 

ttgb 

G 

tab 

A 

bb 

B 

lebb    ID       c» 

21 

c 

Itdh 

:d 

eb 

B 

F 

tISb 

1g 

tab 

A 

bb 

1b 

JO       ffl 

22 

Ic 

ttdb 

ID 

eb 

IB 

F 

I)8b 

IG 

ab 

A 

bb 

IB 

IC       bf 

23 

ic 

Jdb 

to 

eb 

tB 

If 

Jtgb 

to 

ab 

1a 

bb 

IB 

tP       el 

24 

)C 

•dbliJiT 

eb 

tB 

tF 

tgb 

!o 

ab 

tA 

Ibb 

(B 

{bb      A« 

25 

)C 

tdb,;  ID 

;eb 

•E 

IF 

tgb  I  JO 

ab 

lA 

tbb 

B 

>l>     IDJ 

28  ij;c 

tdbittD 

Jeb 

E 

tF 

tgb;  no 

tab 

{A 

tbb 

B 

20    ttcjt 

ttdbttD 

mi'l~}D 

Jeb 
Jeb 

B 
B 

ttF 

tgblllQ 

I 

■n 
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W.  SPOTTISWOODE,  M.A.,  Treaaorer  and  Vice-Pfcridcnt,  in 

the  Chair. 

In  pursuance  of  the  Statutes,  notice  was  given  from  the  C3iair  of  tbe 
ensuing  Anniversarj  Meeting,  and  the  list  of  Officers  and  Council  pro- 
posed for  election  was  read  as  follows  : — 

President, — Joseph  Dalton  Hooker,  C.B.,  M.D.,  D.CX.,  LLJD. 

Treasurer, — ^W'illiam  Spottiswoode,  M.A.,  LL.D. 

«  .    {  Prof.  George  Ghibriel  Stokes,  M.A.,  D.C.L.,  LL.D. 

ecre  aries,      |  ^^^^  Thomas  Henry  Huxley,  LL.D.,  Ph.D. 

Foreign  Secretary, — Prof.  Alexander  William  Williamson,  Ph J). 

Other  3f embers  of  the  Council, — Prof.  J.  Couch  Adams,  LL.D.;  the  Duke 
of  Devonshire,  K.G.,  D.C.L. ;  Capt.  Frederick  J.  O.  Evans,  BJf.,  C.B. 
John  Evans,  Pres.  G.S.,  F.S.A. ;  Albert  C.  L.  G.  Giinther,  M.A.,  M.D. 
Daniel  Hanbury,  Treas.  L.vS. ;  Sir  John  Hawkshaw,  Knt.,  MJ.C.E. 
Joseph  Norman  Lockyer,  F.E.A.S. ;  Eobert  Mallet,  C.R,  M.RXA. 
Nevil  Story  Maskelyne,  M.A. ;  C.  Watkins  Merrifield,  Hon.  Sec.  I.N.A. 
Prof.  Edmund  A.  Parkes,  M.D. ;  Eight  Hon.  Lyon  Playfair,  C.B.,  LL.D. 
Andrew  Crombie  Ramsay,  LL.D. ;  Major-G«D.  Sir  H.  C.  Bawlinson, 
K.C.B. ;  J.  S.  Burdon  Sanderson,  M.D. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Paper  was  read : — 

''  Preliminary  Notes  on  the  Nature  of  the  Sea-bottom  pro- 
cured by  the  Soundings  of  H.M.S.  'Challenger'  during  her 
Cruise  in  the  '  Southern  Sea '  in  the  early  part  of  the  year 
1874.''  By  Professor  C.  Wyville  Thomson,  F.R.S.,  Director 
of  the  Civilian  Scientific  Staff  on  Board.     Received  Nov.  12, 

1874. 

[Plates  L— IV.] 

During  our  southern  cruise  the  sounding-lead  brought  up  five  abso- 
lutely distinct  kinds  of  sea-bottom,  without  taking  into  account  the  rock 
and  detritus  of  shallow  soundings  in  the  neighbourhood  of  land.  Our 
first  two  soundings  in  98  and  150  fathoms,  on  the  17th  and  18th  of 
December,  were  in  the  region  of  the  Agulhas  current.  These  soundings 
would  have  been  naturally  logged  "  greenish  sand ;"  but  on  examining  the 
sandy  particles  with  the  microscope,  they  were  found  to  consist  almost 
without  exception  of  the  casts  of  Foraminifera  in  one  of  the  complex 
silicates  of  alumina,  iron,  and  potash,  probably  some  form  of  glauconite. 
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The  genei»  prindpally  repreBented  by  these  casU  were  MQvUm,  Biloctt- 
lifM,  Vvifferma,  Platxorbulina,  SMalia,  Textuiaria,  Bultmina,  and  Aum- 
tnuiina;  Qicingeriita,  Orhuiina,  and  Ptdvmidtna  were  present,  but  not 
nesrlj  in  bo'  great  abundance.  There  were  very  few  Fomninifera  on  the 
surface  of  the  sea  at  tlie  time.  This  kind  of  bottom  hag  been  met  with 
once  or  twice  before ;  but  it  is  evidently  exceptional,  depending  upon 
some  peculi&r  local  conditions. 

From  the  Cbpe,  as  far  south  as  our  station  in  lat.  46°  IG',  we  found  no 
depth  greater  than  1900  fothoms,  and  the  bottom  was,  in  every  case, 
"  Olobigfrina-ooio ; "  that  is  to  say,  it  consisted  of  little  else  than  the  shells 
of  Olobifferina,  whole,  or  more  or  less  broken  up,  with  a  small  proportion 
of  the  shells  of  Pulvinuiina  and  of  OrbuUna,  and  the  spines  and  tests  of 
Sodiolarians  and  fragments  of  the  spicules  of  Sponges. 

Since  the  time  of  our  departure,  Mr.  Murray  has  been  paying  the 
closest  attention  to  the  question  of  the  origin  of  this  calcareous  f  onnation, 
which  is  of  BO  great  iiit«re8t  and  importance  on  account  of  ita  anomalous 
character  and  its  enormous  extrusion.  Very  early  in  the  voyage,  he 
formed  the  opinion  that  all  the  orgHnisma  entering  into  its  componitiou 
at  the  bottom  are  dead,  and  that  all  of  them  live  abuudantly  at  the  sur- 
face and  at  intermediate  depths,  over  the  Qlobujerina-owe  area,  the  ooze 
being  formed  by  the  subsiding  of  these  Bhells  to  the  bottom  after  death. 

This  is  by  no  means  a  new  view.  It  was  advocated  by  the  late  Pro- 
fesBOr  Bailey,  of  West  Point,  shortly  after  the  discovery,  by  means  of 
Lieutenant  Brooke's  ingenious  sounding-inatrument,  that  such  a  forma- 
tion had  a  wide  extension  in  the  Atlantic.  Johannes  Mueller,  Count 
FourtaleB,  Krohn,  and  Mas-Schultze  observed  Globujerina  and  Orbulinn 
living  on  the  surface  ;  and  Ernst  Haeckel,  in  his  important  work  upon 
the  Eadioiaria,  remarlts  "that  we  often  find  upon,  and  carried  along  by 
the  floating  pieces  of  sea-weed  which  are  so  frequently  met  with  in  all 
seas,  Foraminifera  as  well  as  other  animal  famis  whinh  habitually  live  at 
the  bottom.  However,  retting  aside  these  accidental  instances,  cer- 
tiun  Foraminifera,  particularly  in  their  younger  stages,  occur  in  some 
localities  so  constantly,  and  in  such  numbers,  floating  on  the  surface  of 
the  sea,  that  the  Buspidon  seems  justifiable  that  they  possess,  at  all  events 
at  a  oertain  period  of  their  existence,  a  pelagic  mode  of  life,  differing  in 
this  respect  from  most  of  the  remainder  of  their  clatis.  Thus  Miiller 
oft«n  found  in  the  contents  of  the  surface-net  off  the  coast  of  France,  the 
young  of  Rotalia,  but  more  particularly  Qhbigtrinat  and  Orbnliiia,  tho 
two  latt«r  frequently  covered  with  fine  calcareous  tubes,  prolongations  of 
the  borders  of  the  fine  pores  through  which  the  pseudopodia  protrude 
through  the  shell.  I  took  similar  Glohigerimt  and  Orbulin<e  almost  daily 
in  a  fine  net  at  Messina,  often  in  great  numbers,  particularly  in  February. 
Often  the  shell  was  covered  with  a  whole  forest  of  extremely  long  and 
delicate  calcareouB  tubes  projecting  from  all  sides,  and  probably  contri- 
buting essentially  to  enable  these  little  animals  to  float  below  the  surface 
VOL.  xxin.  U 


o^  i^uuiinoD,  and  gave  an  interesting  accc 

for  a  family  which  should  include  Globujei 
genus,  and  PulvinuUna,  the  name  Colymbitj 
like  the  Badiolaria,  these  Foraminifera  an 
sunset,  "  diving "  to  some  depth  beneath  it 
Our  colleague,  Mr.  Gwyn  Jeffreys,  chiefly 
Owen's  papers,  maintained  that  certain  Foran 
in  opposition  to  Dr.  Carpenter  and  myself  t. 
a  very  strong  opinion  on  the  matter.    It  seei 
was  conclusive  that  the  Foraminifera  whic 
oosse  lived  on  the  bottom,  and  that  the  occur 
sur&ce  was  accidental  and  exceptional ;  but 
carefully,  and  considering  the  mass  of  evident 
lated  by  Mr.  Murray,  I  now  admit  that  I  was 
him  that  it  may  be  taken  as  proved,  that  all  th( 
-(with  the  exception  of  course  of  the  remains 
know  to  live  at  the  bottom  at  all  depths,  and  w! 
foreign  bodies)  are  derived  from  the  surface. 

Mr.  Murray  has  combined  with  a  careful  exa 
a  constant  use  of  the  tow-net,  usually  at  the  bi 
from  ten  to  one  hundred  fathoms ;  and  he  fix 
exist  between  th^  surface-fauna  of  any  particul 
which  is  taking  place  at  the  bottom.  In  all' 
the  polar  ice,  the  tow-net  contains  Olohigerince, 
and  of  a  larger  size,  in  warmer  seas  ;  several  ^ 
size,  and  presenting  marked  varietal  character! 
tropical  area  of  the  Atlantic.  In  the  latitude  < 
numerous  and  smRlu-  ^-  -    - 
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and  tranflparent,  and  each  of  the  pores  which  penetrate  it  is  surrounded 
by  a  raised  crest,  the  crest  round  adjacent  pores  coalescing  into  a  roughly 
hexagonal  network,  so  that  the  pore  appears  to  lie  at  the  bottom  of  an 
hexagonal  pit.  At  each  angle  of  this  hexagon  the  crest  gives  off  a 
delicate  flexible  calcareous  spine,  which  is  sometimes  fouror  five  times  the 
diameter  of  the  shell  in  length.  The  spines  radiate  sjrmmetrically  from 
the  direction  of  the  centre  of  each  chamber  of  the  shell,  and  the  sheaves 
of  long  transparent  needles,  crossing  one  another  in  different  directions, 
have  a  very  beautiful  effect.  The  smaller  inner  chambers  of  the  shell 
are  entirely  filled  with  an  orange-yellow  granular  sarcode ;  and  the  large 
terminal  chamber  usually  contains  only  a  small  irregular  mass,  or  two 
or  three  small  masses  run  together,  of  the  same  yellow  sarcode  stuck 
agamst  one  side,  the  remainder  of  the  chamber  being  empty.  No  defi- 
nite arrangement,  and  no  approach  to  structure,  was  observed  in  the 
sarcode,  and  no  differentiation,  with  the  exception  of  round  bright-yellow 
oil-globules,  very  much  like  those  found  in  some  of  the  Badiolarians, 
which  are  scattered  apparently  irregularly  in  the  sarcode.  We  never 
have  been  able  to  detect  the  least  trace  of  pseudopodia  in  any  of  the  large 
number  of  OlohigeriruE  which  we  have  examined,  nor  any  extension,  in  any 
form,  of  the  sarcode  beyond  the  shell. 

Major  Owen  (op,  cit.)  has  referred  the  Olobigerina  with  spines  to  a 
distinct  species,  under  the  name  of  O.  hirsuta.  I  am  inclined  rather  to 
believe  that  all  Ohhigerince  are,  to  a  greater  or  less  degree,iBpiny,  when  the 
shell  has  attained  its  full  development.  In  specimens  taken  with  the 
tow-net  the  spines  are  very  usually  absent;  but  that  is  probably  on 
account  of  their  extreme  tenuity ;  they  are  broken  off  by  the  slightest 
touch.  In  fresh  examples  from  the  surface  the  dots  indicating  the  origin 
of  the  lost  spines  may  almost  always  be  made  out  with  a  high  power. 
There  never  are  spines  on  the  Olohigerinoe  from  the  bottom,  even  in  the 
shallowest  water.  Two  or  three  very  marked  varieties  of  Olobigerina 
occur ;  but  I  certainly  do  not  think  that  the  characters  of  any  of  them  can 
be  regarded  as  of  specific  value. 

There  is  still  a  good  deal  of  obscurity  about  the  nature  of  Orhulina 
universa,  an  organism  which  occurs  in  some  places  in  large  proportion  in  the 
Olobigerinorooze.  The  shell  of  Orhulina  (Pl.U.)  is  spherical,  usually  about 
•5  millimetre  in  diameter,  but  it  is  found  of  all  smaller  sizes.  The  texture 
of  the  mature  shell  resembles  closely  that  of  Olohifjerina,  but  it  differs  in 
some  important  particulars.  The  pores  are  markedly  of  two  different  sizes, 
the  larger  about  four  times  the  area  of  the  smaller.  The  larger  pores  are 
the  less  numerous ;  they  are  scattered  over  the  surface  of  the  shell  with- 
out any  appearance  of  regularity ;  the  smaller  pores  occupy  the  spaces 
between  the  larger.  The  crests  between  the  pores  are  much  less  regular 
in  Orbulina  than  they  are  in  Olobigerina ;  and  the  spines,  which  are  of 
great  length  and  extreme  tenuity,  seem  rather  to  arise  abruptly  from 
the  top  of  scattered  papillte  than  to  mark  the  intersections  of  the  crests. 

d2 


3  tab    tBb  J) 

4  tCb     tEb  G 

5  tFb     tAb  C 

6  tBbb     Db  F 

7  tEbb    Gb  Bb 

8  tAbb    Cb  Eb 

0       dbb     fb  ab 

10  gbb     bbb  tdb 

11  ebb     ebb  {gb 

12  fbb      abb  {cb 

3  bbbb  {dbb  {fb 

4  ebbb  |gbb  {bbb 

5  abbb  ^cbb  }ebb 
3     tdbbb  tfbb  }abb 

.tdll   tf|«ta«« 

tgll   tbil  dill 

tdl    tell  gill 
tfll    tall     clll 

tbi      dll  fill 

tel       gll  bll 
ta|       ell      ell 
d|        fll      all 


tDI 
tGI 

tci 

tFI 
tB 

tE 
tA 

D 
G 
C 
F 
Bb 
Eb 
Ab 
{Db 

{Gb 

{Cb 
{Fb 
{Bbb 
{Ebb 


2 
3 

4 


5 


6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 


ttcl 

ttfl 

ttb 

ttc 

tta 

td 

tg 

to 

tF 

tBb 

tEb 

tAb 

Db 

Gb 

Cb 

fb 

bbb 

ebb 

abb 

{dbb 

{gbb 

{ebb 

{fbb 


ttel 

ttal 

tdl 

tgl 

tcl 

tfl 
tb 

tE 
tA 
D 
G 
C 
F 


+gll 
tell 

tfll 

tbI 

tel 

tal 

d| 

Qi 

CI 

F| 

B 

E 

A 


Bb   {D 
Eb  {G 


ab 
{db 

{cb 
{fb 


\f 
{bb 

{eb 

{ab 


{bbb  {{db 
{ebb  {{gb 
{abb  {{eb 


ten 
tpll 

tBI 

tEl 

tAI 

D| 

G| 

Ct 

n 

B 
E 
A 

to 

to 

{F 


1 
1 
1 
2 


2 


S 


1874.] 


Mr.  A.  J.  Ellia  on  Muticat  Duodenei, 


Table  HI. 

Manuals  for  DucHlcnary  InBtruments. 

ThB  Capital  lettera  indicate  broad  uni)  \i\vi  emnU  li^ltcrs  narrow  and  high,  digitali. 


Namai  of  Duodenu 

wilh  Synonym*. 

No. 

1 

2      3 

4 

5 

8 

7 

A 

B  jlO 

u  lis 

tBb    ttaf 

1 

tc 

tdb 

D 

teb 

tE 

tp 

tgb 

0 

^ 

tA 

T^ 

ttB 

tKb      td| 

2 

0 

tdb 

^ 

teb 

ttE 

tp 

tgb 

G 

tab 

tA 

tbb 

ttB 

+A&      tgj 

3 

c 

db 

D 

teb 

HB 

F 

tgb 

0 

+«b 

ttA 

_tbb 

ttB 

Db      tcf 

4 

c 

db 

tD 

teb 

ttB 

F 

gb 

G 

tab 

ttA 

bb 

ttB 

Gb     tfl 

G 

c 

db 

tD 

eb 

ttB 

F 

8b 

to 

tab 

ttA 

bb 

tB 

Cb     tb 

6 

"tc 

db 

tD 

eb 

tE 

F 

gb 

tQ 

ab 

ttA 

bb 

tB 

Fb      'e 

7 

tc 

ITb 

tD 

-b 

tB 

tP 

gfr 

to 

ab 

~tA 

,bb 

tB 

Bbb    'a 

8 

tc 

tdb 

D 

eb 

tE 

+F 

tgf 

to 

■b 

tA 

tbb 

!1 

ebb        D 

tell 

9 

tc 

jdb 

D 

teb 

tE 

tp 

tgb 

~0 

ab 

tA 

tbb 

B 

abb      Q 

+fH 

10 

c 

tdb 

D 

teb 

E 

tF 

lB<' 

G 

tub 

tA 

tbb 

B 

Jdbb      0 

+b| 

11 

c 

db 

D 

teb 

E 

~V 

tgb 

0 

tab 

A 

tbb 

B 

Igbb   p 

tel 

12 

c 

db 

Id 

teb 

E 

P 

gf 

G 

tab 

A 

bb 

B 

{ebb      Bb 

ta| 

13 

0 

db 

;o 

eb 

B 

F 

gb 

1q 

tab 

A 

bb 

~ti 

Eb 

df 

14 

Ic 

db 

ID 

eb 

1e 

F 

gb 

tci 

ab 

A 

bb 

IB 

Ab 

el 

15 

JC 

Idb 

ID 

eb 

tE 

If 

gb 

to 

ab 

tA 

bb 

tB 

■Db 

ft 

16 

!C 

;db 

D 

eb 

+E 

!P 

tgb 

to 

ab 

tA 

Ibb 

tB 

:«!• 

■n 

t«» 

17 

ic 

)db 

D 

•eb 

tE 

IF 

tgb 

G 

ab 

tA 

Jbb 

~^ 

•cb 

B 

tall 

le 

c 

tdb 

D 

Jeb 

~E 

tp 

tgb 

G 

tab 

tA 

tbb 

B 

:fb 

E 

ail 

10 

c 

ttdb 

D 

•eb 

E 

F 

tgb 

G 

tab 

A 

,b. 

B 

•bbb 

A 

ell 

20 

c 

ttdb 

ID 

•eb 

E 

F 

ttgb 

G 

tab 

A 

T. 

B 

:ebb 

tD 

m 

21 

C  jlldb 

tD 

eb 

E 

F 

ttgb 

lo 

tab 

A 

bb 

tB 

to 

m 

23 

IC 

•tdb 

;d 

eb 

;b 

F 

ttgb 

tQ 

ab 

A 

bb 

tB 

ic 

b| 

23 

tc 

Jdb 

tD 

eb 

•E 

IF 

tigb 

to 

ab 

tA 

bb 

IB 

IP 

*l 

24 

JC 

JdbttD 

;b 

IF 

tgb 

to 

ab 

tA 

ITb 

JB 

Ibb 

Af 

2fi      )C 

JdbllD 

i;^ 

:e 

IF 

tgb 

tio 

ab 

JA 

tbb 

B 

:*b 

IDI 

2(1  nc 

•dbjl'D 

teb 

E 

IF 

tgb 

tio 

tab 

tA 

Jbb 

B 

{:»b 

JOI 

27    ItC 

;:db;t:D 

,eb 

EJUF 

^btto 

Jab 

A 

tbb 

B 

tl'ib 

!C| 

2S    J'C 

tt'll'j  to 

jeb      B  JtF 

ttgbttQ 

tab 

A  nbb 

B 

ttgb 

;Ff 

20  ijcJiJ-ib'  ;d 

tt^"'   bIup 

UgV  \Q'  >i^  A.\\\\> 

^ 

88  Prof.  C.  W.  Thomson  on  the  [Nor.  26, 

some  caees  to  about  twenty  per  cent.)  of  fine  gnnukr  matter,  whid)  flUi 
the  sheila  and  the  iiit«r§ticeB  between  them,  and  forms  a  kind  of  matrix 
or  cement.  This  granular  substance  is,  like  the  shells,  calcareous,  dis- 
appearing in  weak  acid  to  a  small  insoluble  residue ;  with  a  low  micro- 
scopic power  it  appears  amorphous,  and  it  is  likely  to  be  r^arded,  at  first 
eight,  as  a  paste  made  up  of  the  ultimate  calcareoiu  particles  of  tlie  dis- 
integrated sheila  ;  but  under  a  higher  power  it  is  found  to  consist  almost 
entirely  of  "  coccoliths  "  and  "  rhabdohthB."  I  need  scarcely  ente^  here 
into  a  detailed  descriptioD  of  these  singula  bodies,  which  have  already  been 
carefully  studied  by  Huxley,  Sorby,  Qiimbel,  Haeckel,  Carter,  Oscar  Schmidt, 
Wallich,  and  others.  I  need  only  state  that  I  believe  our  (rfwervotioos 
have  placed  it  beyond  a  doubt  that  the  "  coccoliths  "  are  the  separated  ele- 
ments of  a  peculiar  calcareous  armature  which  covers  certain  spherical 
bodies  (the  "  coccospheres  "  of  Dr.  Wallich).  The  rhabdoliths  are  the  like 
elements  of  the  armature  of  extremely  beautiful  little  bodies,  of  whidi 
two  forms  are  represented  in  PI.  III.  figs.  3  i&  4,  which  have  been  first 
observed  by  Mr.  Murray  and  naturally  called  by  him  "  rfaabdoepherea." 
Coccospheres  and  rhabdospheres  live  abundantly  on  the  surface,  eepedallj 
in  warmer  seas.  If  a  bucket  of  water  be  allowed  to  stand  over  nig^t 
with  a  few  pieces  of  thread  in  it,  on  examining  the  threads  carefully 
many  examples  may  usually  be  found  attached  to  them  ;  but  Mr.  Murray 
has  found  an  unfailing  supply  of  all  forms  in  the  stomachs  of  Salpa. 

What  these  coccospheres  and  rhabdospheres  are,  we  are  not  yet  in  a 
position  to  say  with  certainty  ;  but  our  strong  impression  is  that  they  ore 
either  Algie  of  a  peculiar  form,  or  the  reproductive  gemmules  or  the 
sporangia  of  some  minute  organism,  probably  an  Alga ;  in  which  latter 
case  the  coccoliths  and  rhabdoliths  might  be  regarded  as  representing  in 
position  and  function  the  "  amphidisci "  on  the  surface  <^  the  gemmules 
of  SpongiUa,  or  the  spiny  facets  on  the  sygospores  of  many  of  the  Des- 
mideie.  There  are  maoy  forms  of  coccoliths  and  rhabdoliths,  and  many 
of  these  are  so  distinct  that  they  evidently  indicate  different  species.  Mr. 
Murray  believes,  however,  that  only  one  form  is  met  with  on  one  sphere ; 
uid  that,  in  order  to  produce  the  numerous  forms  figured  by  Haeckel  and 
Oscar  Schmidt,  all  of  which,  and  many  additional  varieties,  he  has 
observed,  the  spheres  must  vary  in  age  and  development,  or  in  kind. 
Th^  constant  presence  in  the  surface-net,  in  surface-water  drawn  in  a  * 
bucket,  and  in  the  stomachs  of  surface-animals,  sufficiently  proves  that, 
like  the  ooze-forming  Foraminifera,  the  coccoliths  and  rhabdoliths,  which 
enter  so  largely  into  the  composition  of  the  recent  deep-sea  calcareous 
formations,  live  on  the  surface  and  at  intermediate  depths,  and  sink  to 
the  bottom  after  death .  Coccospheres  and  rhabdospheres  have  a  very  wide, 
but  not  an  unlimited,  distribution.  From  the  Cape  of  Good  Hope  they 
rapidly  decreased  in  number  oit  the  surface  and  at  the  bottom,  as  we 
progressed  southwards.  The  proportion  of  their  remuns  in  the  0U>- 
k  hitieriiia-wiix    near  the  Crozets  and  Prince  Edward  Island  was  com- 
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pamtiTely  small ;  and  to  this  dTcnmstance  the  extreme  cleameBS  and  the 
unusiud  appearance  of  being  composed  of  Qlohigennte  alone  wa§  pro- 
bably mainly  due.  We  found  the  same  hind  of  oose,  nearly  free  &om 
coocolitliB  and  rhabdolitiia,  in  what  may  be  considered  about  a  corre- 
sponding latitude  in  the  north,  to  the  west  of  Faroe. 

Before  leaving  the  subject  of  the  modem  Chalk,  it  may  be  convenient 
to  pass  on  to  stotaona  158, 169,  and  160,  on  March  7tb,  10th,  and  13th, 
on  oar  letnm  voyage  from  the  ice.  The  first  two  oi  these,  at  depths 
of  1800  and  2150  fathoms  respectively,  are  marked  on  the  chart  "  Oh- 
IngtrvM-otae ; "  and  it  will  be  observed  that  these  Boundings  nearly  corre- 
spond in  latitude  with  the  like  belt  which  we  crosaed  going  eouthwards  ; 
tiie  third  sounding,  at  a  depth  of  2600  fathoms,  is  marked  "red  clay." 

According  to  onr  present  ezpenence,  the  deposit  of  "  Qlobigerinor-oouQ  " 
is  limited  to  water  of  a  certain  depth,  the  extreme  limit  of  the  pure 
ehaiacterisldc  formation  being  placed  at  a  depth  of  somewhere  about 
^50  fathoms.  Crossing  from  these  shallower  regions  occupied  by  the 
ooce  into  deeper  soundings,  we  find  universally  that  the  calcareona  for- 
mation gradually  passes  into,  and  is  finally  replaced  by,  an  extremely  fine 
pure  clay,  which  occupies,  speaking  generally,  all  depths  below  2500 
fiithoma,  and  consists,  almost  entirely,  of  a  silicate  of  the  red  oxide  of 
iron  and  alumina.  The  transition  is  very  slow,  and  extends  over  severd 
hundred  fittfaoms  of  increasing  depth ;  the  ehells  gradually  lose  their  sharp- 
ness of  outline  and  assume  a  kind  of  "  rotten "  look  and  a  brownish 
colour,  and  become  more  and  more  mixed  with  a  fine  amorphous  red- 
brown  powder,  which  increases  steadily  in  proportion  until  the  time  has 
almost  entirely  disappeared.  This  brown  matter  is  in  the  finest  possible 
state  of  subdivision,  so  fine  that  when,  after  sifting  it  to  separate  any 
OTganisms  it  might  contain,  we  put  it  into  jars  to  settle,  it  rem^ed  for 
days  in  suspension,  giving  the  water  very  much  the  appearance  and 
colour  of  chocolate. 

In  indicating  the  nature  of  the  bottom  on  the  charts,  we  came  from 
experience,  and  witkout  any  theoretical  consideration,  to  use  three  terms 
for  soundings  in  deep  watar.  Two  of  these,  G],  oz.  and  r.  cl.,  were 
very  definite,  and  indicated  strongly  marked  formations,  with  apparently 
but  few  characters  in  common  ;  but  we  frequently  got  soundings  which  we 
could  not  exactly  call  either  "  Olcbigerina-ooie  "  or  "  red  clay ; "  and  before 
we  were  fully  aware  of  the  nature  of  these  we  were  in  the  habit  of  indi- 
catJDg  th«n  as  "grey  ooze"  (gr.  oz.).  We  now  recognize  the  "  grey 
ooce"  as  an  intermediate  stage  between  the  Olobigerina-oote  and  the  red 
day ;  we  find  tliat,  on  one  side  as  it  were  of  an  ideal  line,  the  red  clay 
^wnl^nina  moro  and  more  of  the  material  of  the  calcareous  ooze,  while, 
on  the  other,  the  ooze  is  mixed  with  an  increasing  proportion  of  "  red 
day," 

Althongh  we  have  met  with  the  same  phenomenon  so  frequently,  that 
we  were  at  length  able  to  predict  the  nature  of  the  bottom  tttim.  ^«. 


J  ^^onig  siiii  contains  a  consideral 
onate  of  lime. 

The  depth  goes  on  increasing,  to  a  distance  of  11£ 
iffe,  when  it  reaches  3150  fathoms ;  there  the  clay  i 
nd  contains  scarcely  a  trace  of  lime.     From  this  gret 
:radually  rises,  and,  with  decreasing  depth,  the  grey 
areous  composition  of  the  ooze  return.    Three  sound 
nd  1950  fathoms  on  the  '*  Dolphin  Bise,"  gave  hi, 
xamples  of  the  Olobigeritia  formation.  Passing  from 
f  the  Atlantic  into  the  western  trough,  with  depths 
ithoms,  the  red  clay  returns  in  all  its  purity :  and  oui 
120  fathoms,  hefore  reaching  Sombrero,  restored  th 
ith  its  peculiar  associated  fauna. 
This  section  shows  also  the  wide  extension  and  tl 
iportance  of  the  red-clay  formation.    The  total  distan 
Sombrero  is  about  2700  miles.     Proceeding  from  east 
About  80  miles  of  volcanic  mud  and  sao 
» 

f1 
>> 
l> 

ig  a  total  of  1900  miles  of  red  clay  to  720  miles  of  < 
lie  following  Table,  taken  from  the  chart,  gives  a  g 
le  distribution  of  the  two  formations  with  respect  t< 
»f  course  be  taken  as  exa^t .  fv«-  -    "•* 


350 

"  Olobu/erina^ooze,*' 

050 

"  red  clay.'' 

330 

"  Olobigerina-o(me,^ 

850 

"  red  clay,** 

40 

"  Olohigeritiorooi^^^ 
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about  2700  fftthoms.  The  geaerst  concurrence  of  so  many  obBeiratioiiB 
would  go  far  to  prove,  what  aeems  now  to  stand,  indeed,  in  the  position  of 
ao  aaoertained  fact,  that  wherever  the  depth  increases  from  about  2200 
to  2600  fathoms,  the  modem  Chalk  formation  of  the  Athintic  and  of 
other  oceans  passes  into  a  clay. 


No.  of 

Nature  of  the  Bottom. 

Station. 

Olob.  Ooze.  1    Grey  Ooze. 

Bed  Clay.    | 

From  Cape  Finisteite  to  Teneriffe. 

I. 

1123 
1975 

U. 

470 
1800 

lU.     . 

1000 

VI. 

1525 

1 

'rom  Teneriffe  to  St.  Thomas 

1. 

1800 

1 

2. 

1945 

4. 

2220 

5. 

2740 

C. 

2950 

2750 

8. 

2800 

9. 

3150 

10. 

2720 

n. 

2575 

12. 

2025 

13. 

1900 

14. 

1950 

15. 

2325 

16. 

2435 

17. 

2385 

18. 

2675 

19. 

3000 

20. 

2975 

21. 

3025 

22. 

1420 

23. 

450 

^Vom  St.  Thomas  to  Bermudas 

25. 

3875 

26. 

2800 

27. 

2960 

28. 

2850 

29. 

2700 

30. 

2600 

31. 

2475 

32. 

I        2250 

\ 

J 

/        1820 

\ 

44. 

1700 

From  Halifax  to  Bermudas. 

60. 

1250 

51. 

2200 

52. 

2800 

63. 

2660 

64. 

2660 

65. 

2600 

Prom  Bermudas  to  the  Azores 

68. 

•  • 

1600 

59. 

2360 

60. 

2675 

61. 

2860 

62. 

2875 

63. 

2750 

65. 

2700 

66. 

2750 

67. 

2700 

68. 

2176 

69. 

2200 

70. 

1675 

71. 

1676 

• 

72. 

1240 

73. 

1000 

74. 

1360 

76. 

S 

100       1 

^ft 


From  the  Azores  to  Madeira. 
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Table  (amtinued). 


NKtore  of  the  Bottom. 


Glob.  Ooze.      Grey  Oose.       Bed  CU7. 


From  the  Gape  Verde  Islands  to  St.  Paul  Bouks. 


95. 

2300 

87. 

2575 

98. 

1750 

102. 

2460 

104. 

2500 

105. 

2275 

106. 

1850 

107. 

1500 

108. 

1900 

]''rom  the  St.  Paul  Bocks  to  S. 

110. 

2275 

111. 

2475 

112. 

2200 

6. 

2150 

6. 

2275 

From  S.  Salvador  to  Tristan  d'Acimha. 


From  Tristan  d'Acunha  to  the  Cape  of  Good  Hope. 
137.  -1        2550 

2650 


From  the  Cape  of  Good  Hope  to  Kerguelen  Island. 


143. 

1000 

144. 

1570 

146. 

1375 

147. 

1600 

Prw 

[Q  Eei^elen  Island  to  Melbourne. 

168. 

1800 

169. 

2150 

160. 

2600 

The  nature  and  ori^  of  this  vast  deposit  of  clay  is  a  question  of  the 
▼ery  greatest  interest ;  and  although  I  think  there  can  be  rsa  Aa\M,  "Caxi. 
it  is  in  the  m^  sohed,  yet  some  matters  of  detul  are  still  KwoVNei  \b. 


J 
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difSculty.  Mj  first  impresBion  was,  that  it  might  be  the  moet  minutely 
divided  material,  the  ultimato  sediment,  produced  by  the  disintegration  (rf 
the  land,  by  rivers  and  by  the  action  of  the  sea  on  exposed  coasts,  and 
held  in  suspension  and  distributed  by  ocean  currents,  and  only  nukiiig 
itself  manifest  in  places  unoccupied  by  the  Olobigerina-oate.  Several 
circumstances  seemed,  however,  to  negative  this  mode  of  origin.  The 
formation  seemed  too  uniform ;  whenever  we  met  with  it,  it  bad  the 
same  character,  and  it  only  varied  in  composition  in  containing  lesa  or 
more  carbouat*  of  lime. 

Again,  we  were  gradually  becoming  more  and  more  convinced  tliat  all 
the  important  elements  of  the  OlobigeritM-ooxe  lived  on  the  smfsce ;  and 
it  seemed  evident  that,  so  long  as  the  conditions  on  the  surface  remained 
the  same,  no  alteration  of  contour  at  the  bottom  could  possibly  pre- 
vent its  accumulation ;  and  the  sur&ce  conditions  in  the  Mid-Atlantic 
were  very  uniform,  a  moderate  current  of  a  very  equal  temperature  pass- 
ing continuously  over  elevations  and  depressions,  and  everywhere  yield- 
ing to  the  tow-net  the  ooze-forming  Foraminif era  in  the  same  proportion. 
The  Mid-Atlantic  swarms  with  pelagic  Mollusca ;  and,  in  moderate  depths, 
the  shells  of  these  are  constantly  mixed  with  the  &Iofi^«ri»ui-ooEe,  some- 
times in  number  suflicient  to  make  up  a  considerable  poriion  of  its  bulk. 
It  is  clear  that  these  shells  must  fall  in  equal  numbers  upoa  the  red  clay ; 
but  scarcely  a  trace  of  one  of  them  is  ever  brought  up  by  the  dredge  on 
the  red-clay  area.  It  might  be  possible  to  exptoiu  the  absence  of  shell- 
secreting  animals  living  on  the  bottom  by  the  Bupposition  that  the 
nature  of  the  deposit  was  injurious  to  them ;  but  then  the  idea  of  k 
current  sufficiently  strong  to  sweep  them  away  is  negatived  by  the 
extreme  fineness  of  the  sediment  which  is  being  laid  down ;  the  absence 
of  surface  shells  appears  to  be  intelligible  only  on  the  supposition  that 
they  are  in  some  way  removed. 

We  conclude,  therefore,  that  the  "  red  clay  "  is  not  an  additional  sub- 
stance introduced  from  without,  and  occupying  certain  depressed  r^;ions 
on  account  of  some  law  regulating  its  deposition  ;  but  that  it  is  produced 
by  the  removal,  by  some  means  or  other,  over  these  areas,  of  the  carbonate 
of  lime  which  forms  probably  about  98  per  cent,  of  the  material  of  the 
0hbigerina-ooz6.  We  can  trace,  indeed,  every  successive  stage  in  the 
removal  of  the  carbonate  of  lime  in  descending  the  slope  of  the  ridge  or 
plateau  where  the  Qlobigerina-ooie  is  forming,  to  the  region  of  the  clay. 
We  find,  first,  that  the  shells  of  pteropods  and  other  surface  MoUusca, 
which  are  constantly  falling  on  the  bottom,  are  absent,  or  if  a  few  remain 
they  are  brittle  and  yellow,  and  evidently  decaying  rapidly.  These  sheila 
of  Mollusca  decompose  more  easily,  and  disappear  sooner,  than  the  smaller 
and  apparently  more  delicate  shells  of  Bhizopods.  The  smaller  Forami- 
nif era  now  give  way  and  are  found  in  leasening  proportion  to  the  lai^ger ; 
L  the  coccoliths  first  lose  their  thin  outer  border  and  theu  disappear,  and 
Kthe  clubs  of  the  rhabdolitbs  get  worn  out  of  shape  and  are  last  seen, 
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under  &  high  power,  as  minute  cylinders  scattered  over  the  field.  The 
larger  Foraminifera  are  attacked,  and  betead  of  being  vividJj  white 
and  delicately  sculptared,  thejr  become  brown  and  worn,  and  finally  they 
E>reak  np,  each  according  to  its  fashion  ;  the  chamber-waUa  of  Qlohigerina 
tall  into  wedge-«haped  pieceewhich  quickly  disappear,  and  a  thick  rough 
crust  breokg  away  from  the  surface  of  Orhilina,  leaving  a  thin  inner 
sphere,  at  first  beautifully  transparent,  but  soon  becoming  opaque  and 
crumbling  a,v&j. 

In  the  mean  time,  the  proportion  of  the  amorphous  "  red  day  "  to  the 
calcareous  elements  of  all  kinds,  increases,  until  the  latter  disappear,  with 
t^e  exception  of  a  few  scattered  shells  of  the  larger  Foraminifera,  which 
are  still  found,  even  in  the  most  characteristic  samples  of  the  "  red  day." 

There  seeniB  to  be  no  room  left  for  doubt  that  the  red  clay  is  easenti- 
ally  the  insoluble  residue,  the  ash,  as  it  were,  of  the  ralcareoua  oi^aniems 
which  form  the  Qloh^erina^ooiia,  after  the  calcareoua  matter  haa  been  by 
some  means  removed.  An  ordinary  mixture  of  calcareous  Foraminifera 
with  the  shells  of  Pteropods,  forming  a  fair  sample  of  "  Olobigerina-oora  " 
from  near  St.  Thomas,  was  carefully  washed  and  subjected  by  Mr. 
Buchanan  to  the  action  of  weak  acid  ;  and  he  found  that  there  remained, 
after  the  carbonate  of  lime  had  been  removed,  about  one  per  cent,  of  a 
reddish  mud,  consisting  of  silica,  alumina,  and  the  red  oxide  of  iron. 
This  experiment  has  been  frequently  repeated  with  different  samples 
of  "  QUAigerina-ooj^,"  and  always  with  the  result  that  a  small  proportion 
of  a  red  sediment  remains,  which  posseflaes  all  the  characters  of  the  "  red 
clay." 

In  the  Qlobigerina-ooijs,  siliceous  bodiea,  including  the  spicules  of 
Sponges,  the  spicules  and  testsof  Badiolariana,  and  the  frustules  of  Diatoms 
occlir  in  appreciable  proportion ;  and  these  also  diminish  in  number,  and 
the  more  delicate  of  them  diaappeor  in  the  transition  from  the  calcareous 
ooie  to  the  "  red  clay." 

I  have  already  alluded  to  the  large  quantity  of  nodules  of  the  peroxide 
of  manganese  which  were  broi^ht  up  by  the  trawl  from  the  red-clay  area 
on  the  13th  of  March.  Such  nodules  seem  to  occur  universally  in  this 
formation.  N^o  manganese  can  be  detected  in  the  Olobigerina-oazie  ;  but  no 
sooner  has  the  removal  of  the  carbonate  of  lime  commenced  than  small 
black  grains  make  their  appearance,  usually  rounded  and  mammillated  on 
the  surface,  miniatures,  in  fact,  of  the  larger  nodules  which  abound  in  the 
clay ;  and,  at  the  same  time,  any  large  orgamc  body,  auch  as  a  shark's  tooth, 
that  may  happen  to  be  in  the  ooze  is  more  or  less  completely  replaced  by 
manguieae;  and  any  inorganic  body,such  asapebbleorapiece  of  pumice, 
is  coated  with  it,  as  a  fine  black  mammillated  layer.  It  is  not  easy  to  tell 
what  the  proportion  of  manganese  in  the  red  clay  may  be,  but  it  is  very 
c<mBiderable.  At  station  160,  on  the  13th  of  March,  the  trawl  brought  np 
nearly  abnahel  of  nodules,  from  the  size  of  a  walnut  to  that  of  an  orange ; 
bnt  theae  were  probably  the  result  of  the  aifting  of  a  large  quantity  of  the 
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dftf .  The  DUQgBQeBe  is  doubtlees,  like  tlie  iron,  set  free  by  the  decompo- 
■ition  of  the  organic  bodies  and  teats.  It  is  known  to  exist  in  tbe  uh 
of  some  Algie  to  the  amount  of  4  per  cent. 

The  interesting  question  now  ariaes  as  to  the  cause  and  method  of  tbe 
removal  of  the  carbonate  of  lime  from  the  cretaceoos  deposit ;  and  aa  this 
matter  we  are  not  jot  in  a  position  to  form  anj'  definite  ccmdnsioii. 

One  possible  explanation  is  suffidently  obvious.  All  sea-wvter  cantwns 
a  certain  proportion  of  free  carbonic  acid,  and  Mr.  Buchanan  belieres 
that  he  finds  it  rather  in  excess  in  bottom-vater  from  great  depths.  At 
all  events,  the  qnantitf  present  is  snffident  to  conTert  into  a  soluble  com- 
pound, and  thus  remove  a  conuderable  amount  of  carbonate  of  lime.  If  the 
balance  of  supply  be  very  delicately  adjusted,  it  is  just  conceivable  that 
the  lime  in  the  shells,  in  itsfinestateof  subdivision,  having  beenattac^ed 
by  the  sea-water  from  the  moment  of  the  death  of  the  animal,  may  be 
entirely  dissolved  during  its  retarded  passage  through  the  half  mile  or  so 
of  water  of  increasing  density.  A  great  deal  of  the  bottom-water  in  these 
deep  troughs  has  been  last  at  the  surfiice,  in  the  form  of  circumpolar 
freshwater  ice  ;  and  though  fully  charged  with  carbonic  add,  it  is  posaihla 
that  it  may  be  comparatively  free  from  carbonate  of  lime,  and  that  it« 
solvent  power  may  thus  be  greater. 

The  red  clay  or,  more  probably,  the  drcumstances  which  lead  to  ita 
deposition  seem  on  the  whole  unfavourable  to  the  development  of  animal 
life.  Where  its  special  characters  are  most  marked,  no  animals  which 
require  much  carbonate  of  lime  for  the  development  of  their  tissues  or  of 
their  habitations  appear  te  exist.  Our  growing  experience  is,  that  although 
animal  life  is  possible  at  all  depths,  after  a  certain  depth,  say  1500 
fathoms,  ite  abundance  diminishes.  This  would  seem  to  indicate  that  the 
extreme  conditions  of  vast  depths  are  not  favourable  to  ite  development ; 
and  one  might  well  imagine  that  the  number  of  shell-building  animals 
might  decrease,  until  the  supply  of  lime  was  so  far  reduced  as  to  make 
it  difEcult  for  them  to  hold  their  own  against  the  solvent  power  of  the 
water  of  the  sea — just  as  in  many  districte  where  there  is  little  lime,  the 
sheUs  of  laud  and  freshwater  moUusks  are  light  and  thin,  and  the  animals 
themselves  are  stunted  and  scarce. 

It  seems,  however,  that  neither  the  extreme  depth  at  which  the  red 
clay  is  found,  nor  the  conditions  under  which  it  is  separated  and  laid 
down,  are  sufiident  entirely  to  negative  the  existence  of  living  animals, 
even  of  the  higher  invertebrate  orders.  In  several  of  the  hauls,  we 
brought  up  Holothurids  of  considerable  size,  with  the  calcareous  neck- 
rings  very  rudimentary,  and  either  no  calcareous  bodies  in  the  test,  or  a 
mere  trace  of  such.  Nearly  every  haul  gave  us  delicate  branching 
BryoEoa,  with  the  zooedum  almost  membranous.  One  fortunate  cost, 
about  150  miles  from  Sombrero,  brought  up,  from  a  depth  of  2975  fathoms, 
^ery  well-marked  red  mud,  which  id  not  efferveHoe  with  hydrochloric 

'd.     Entangled  in  the  dredge,  and  imbedded  in  the  mud,  were  many  of 
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tbf0  tabes  of  a  tubo-buUdiiig  annelid,  Beveml  of  them  3  to  4  incbea  Icmg, 
and  containing  the  wonn,  a  species  of  Myriochele,  atill  living.  The 
wonn-tabes,  like  all  the  testa  of  Foraminifera  from  the  same  dred^g, 
were  made  np  of  particles  of  the  red  clay  alone. 

It  seems  evident,  from  the  observations  here  recorded,  that  tHay,  which 
we  have  hitherto  looked  upon  as  essentiallj  the  product  of  the  dis- 
int^ration  of  older  rocks,  under  certain  drcumBtanoes,  may  bean  organic 
fonnation  like  chalk ;  that,  as  a  matter  of  fact,  an  area  on  the  surhce  of 
the  globe,  which  we  have  shown  to  be  of  vast  extent,  although  we  are 
still  iax  tuyat  having  ascertained  its  limits,  is  being  covered  by  such  a 
deposit  at  the  present  day. 

It  is  impossible  to  avoid  associating  such  a  fonnation  with  the  fine, 
smooth,  homogeneous  clays  and  schists,  poor  in  fossils,  but  showing 
worm-tubes  and  tracks,  and  bunches  of  doubtful  branching  things,  such 
as  Oldhamia,  siliceous  sponges,  and  thin-shelled  peculiar  shrimps.  Such 
formations,  more  or  less  metamorphosed,  are  very  familiar,  especially  to 
the  student  of  palssoErac  geology,  and  they  often  attain  a  vast  thickneas. 
One  is  inclined,  from  this  great  resemblance  between  them  in  composition 
and  in  the  general  character  of  the  included  fauna,  to  suspect  that  these 
may  be  organic  formations,  like  the  modem  red  clay  of  the  Atlantic  and 
Southern  Sea,  accumulations  of  the  insoluble  ashes  of  shelled  creatures. 

The  dredging  in  the  red  clay  on  the  13th  of  March  was  unusually 
rich.  The  bag  coutuned  examples,  those  with  calcareous  shells  rather 
stunted,  of  most  of  the  characteristic  deep-water  groups  of  the  Southern 
Sea,  including  Vmbellularia,  EupUetella,  Pterocrimi*,  Briiiwja,  Ophio- 
glypha,  Ptmrtaletxa,  and  one  or  two  Mollusca.  This  is,  however,  very 
rarely  the  case.  Generally  the  "  red  clay  "  is  barren,  or  contains  only  a 
very  small  number  of  forms. 

On  the  11th  of  February,  lat.  60°  52"  S.,  long.  80°  20'  E.,  and  March  3, 
lat.  53°  55'  S.,  long.  108°  35'  E.,  the  sounding-instrument  came  up  filled 
with  a  very  fine  cream-coloured  paste,  which  scarcely  effervesced  with 
acid,  and  dried  into  a  very  light  impalpable  white  powder.  This,  when 
examined  under  the  micrcncope,  was  found  to  consist  almost  entirely  of 
the  fmstulea  of  Diatoms,  some  of  them  wonderfully  perfect  in  all  the 
details  of  their  ornament,  and  many  of  them  broken  up.  The  species  of 
diatoms  entering  into  this  deposit  have  not  yet  been  worked  up,  but  they 
appear  to  be  referable  chiefly  to  the  genera  FragiUaria,  Coseinodhcua, 
Ciurtocfrot,  Atteromphalut,  and  IHcti/oeha,  with  fragments  oi  the  sepa- 
rated rods  of  a  singular  siliceous  organism,  with  which  we  were  un- 
acquainted,  and  which  made  up  a  large  proportion  of  the  finer  matter  of 
this  deposit.  Mixed  with  the  Diatoms  there  were  a  few  small  Ohhigerino!, 
some  of  the  tests  and  spicules  of  Kadiolarians,  and  some  sand  particles ; 
but  these  foreign  bodies  were  in  too  small  proportion  to  affect  the 
formation  as  consisting  practically  of  diatoms  alone.  On  the  4th  of 
February,  in  lat.  52°  20'  8.,  long.  71°  36'  E.,  a  little  to  the  north  of  the 
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Heard  Islanda,  the  tow  net,  dra^ng  a  few  fathoma  below  the  surfMe, 
came  up  nearly  filled  with  a  pale  yellow  gelatiuone  masB.  This  was 
fonnd  to  consist  entirely  of  Diatoms  of  the  same  spedes  as  that  found  at 
the  bottom.  By  far  the  most  abundant  was  the  little  bundle  of  silioeoua  rods 
(PI.  III.  fig.  5)  fastened  together  loosely  at  one  end,  separating  from  one 
another  at  the  other  end,  and  the  whole  bundle  loosely  twisted  into  a 
spindle.  The  rods  are  hollow,  and  contain  the  characteristic  endochrome 
of  the  DiatomcKttr.  Like  the  "  G'lo&i^f rtno-ooze,"  then,  which  it  succeeds 
t-o  the  southward  in  a  band  apparently  of  no  great  width,  the  materials 
of  this  siliceous  deposit  are  derived  entirely  from  the  surhce  and  inter- 
mediate depths.  It  is  somewhat  singular  that  Diatoms  did  not  appeu  to 
be  in  such  large  numbers  on  the  surface  over  the  Diatom-ooie  as  they 
were  a  little  further  north.  This  may  perhaps  be  accounted  for  by  our 
not  having  struck  their  belt  of  depth  with  the  tow-net ;  or  it  is  poasibla 
that  when  we  found  it,  on  the  11th  of  February,  the  bottom  deposit  was 
really  shifted  a  little  to  the  south  by  the  warm  current,  the  eicessiTelv 
fine  flocculent  debris  of  the  Diatoms  taking  a  certain  time  to  sink.  ThJa 
belt  of  Diatom-ooze  is  certainly  a  Kttle  further  to  the  southu'aTd  in 
long.  80°  E.  in  the  path  of  the  reflux  of  the  Agulhas  current,  tiuui  in 
long.  108°  B. 

All  along  the  edge  of  the  ice  pack — everywhere  in  fact  to  the  south 
of  the  two  stations,  that  of  the  11th  of  February,  on  our  eouthward 
yoyafp,  and  that  of  the  3rd  of  March,  on  our  return,  we  brought  up 
fine  sand  and  greyish  mud,  with  small  pebbles  of  quartz  and  felspar,  and 
small  fragments  of  mica-slate,  chlorite-slate,  clay-slate,  gneiss,  and 
granite.  This  deposit,  I  have  no  doubt,  was  derived  from  the  surface 
like  the  others,  but,  in  this  case,  by  the  melting  of  icebergs  and  the 
precipitation  of  foreign  matter  contained  in  the  ice. 

We  never  saw  any  trace  of  gravel  or  sand,  or  any  material  necessarily 
derived  from  land,  on  an  iceberg.  Several  showed  vertical  or  irregular 
fissures  filled  with  discoloured  ice  or  snow  ;  but,  when  looked  at  closely, 
the  discoloration  proved  usually  to  be  very  shght,  and  the  effect,  at  a 
distance,  was  usually  due  to  the  foreign  material  which  filled  the  fissure 
reflecting  light  less  perfectly  than  the  general  surface  of  the  berg.  I 
conceive  that  the  upper  part  of  one  of  these  great  tabular  southern  ice- 
bergs, including  by  far  the  greater  part  of  its  bulk,  and  culminating  iu 
the  portion  exposed  above  the  surface  of  the  sea,  was  formed  by  the 
piling  up  of  successive  layers  of  snow  throughout  the  period,  amounting 
perhaps  to  several  centuries,  during  which  the  ice-cap  was  slowly  forcing 
itself  over  the  low  land  and  out  to  sea,  over  a  long  extent  of  gentle  slope, 
until  it  reached  a  depth  considerably  above  200  fathoms,  when  the  lower 
specific  weight  of  the  ice  caused  an  upward  strain,  which  at  length  over- 
came the  cohesion  of  the  mass,  and  portions  were  rent  off  and  fio&ted 
away.  It  this  be  the  tnio  history  of  the  formation  of  these  icebergs,  the 
absence  of  all  land  ilehrii  in  the  portion  exposed  above  the  surface  of  th« 
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the  tubes  of  k  tube-bnilding  ftiiDelid,  eeveral  of  them  3  to  4  inches  long, 
and  containing  the  worm,  s  spedea  of  Myrioehde,  still  living.  The 
worm-tabes,  like  all  the  tests  of  Forsminifera  from  the  same  dredging, 
were  made  np  of  particles  of  the  red  cta^  alone. 

It  seems  arident,  fron  the  obserratioQa  here  recorded,  that  eUty,  which 
we  have  hitherto  looked  upon  as  essentially  the  product  of  the  dis- 
integration of  older  rocks,  under  certain  circumstances,  may  be  an  organic 
formation  like  chalk ;  that,  as  a  matter  of  fact,  an  area  on  the  siuface  of 
the  globe,  which  we  have  shown  to  be  of  vast  extent,  although  we  are 
still  hx  from  having  ascertained  its  limits,  is  being  covered  by  such  a 
deposit  at  the  present  day. 

It  is  impossible  to  avoid  associating  such  a  formatioD  with  the  fine, 
smooth,  homogeneous  clays  and  schists,  poor  in  fossils,  but  showing 
worm-tabes  and  tracks,  and  bunches  of  doubtful  branching  things,  such 
OS  OltSiamia,  siKceoua  sponges,  and  thin-shelled  peculiar  shrimps.  Such 
formations,  more  or  leaa  metamorphosed,  are  vet?  familiar,  especially  to 
the  student  of  palieozoic  geology,  and  they  often  attain  a  vast  thickness. 
One  is  inclined,  from  this  great  resemblance  between  them  in  composition 
and  in  the  general  character  of  the  included  fauna,  to  suspect  that  these 
may  be  o^anic  formations,  like  the  modem  red  clay  of  the  Atlantic  and 
Southern  Sea,  accumulations  of  the  insoluble  ashes  of  shelled  creatures. 

The  dredging  in  the  red  clay  on  the  13th  of  March  was  unusually 
rich.  The  bag  contained  examples,  those  with  calcareous  shells  rather 
stunted,  of  most  of  the  characteristic  deep-water  groups  of  the  Southern 
Sea,  including  OnAellaiaria,  EapUeUlla,  Pterocrinus,  Britirt^a,  Ophia- 
fflt/pha,  FourtaUiia,  and  one  or  two  Molluaca.  This  is,  however,  very 
rarely  the  case.  Generally  the  "  red  clay  "  is  barren,  or  contains  only  a 
very  small  number  of  forms. 

On  the  11th  of  February,  lat.  60°  52*  8.,  long.  80°  20'  E.,  and  March  3, 
lat.  53°  55'  S.,  long.  108°  35'  E.,  the  sounding-instrument  came  up  filled 
with  a  very  fine  cream-coloured  paste,  which  scarcely  effervesced  with 
acid,  and  dried  into  a  very  light  impalpable  while  powder.  This,  when 
examined  under  the  microscope,  was  found  to  consist  almost  entirely  of 
the  frustules  of  Diatoms,  some  of  them  wonderfully  perfect  in  all  the 
details  of  thear  omameat,  and  many  of  them  broken  up.  The  species  of 
diatoms  entering  into  this  deposit  have  not  yet  been  worked  up,  but  they 
appear  to  be  referable  chiefly  to  the  genera  FragilUiria,  Cosdmdiicat, 
Chtrtocerot,  Atterotnphdlv*,  and  Diclyoeha,  with  fragments  of  the  sepa- 
rated rods  of  a  singular  sUiceous  organism,  with  which  we  were  un- 
acquainted,  and  which  made  up  a  large  proportion  of  the  finer  matter  of 
this  deposit.  Mixed  with  the  Diatoma  there  were  a  few  small  OMigertn^ 
some  of  the  testa  and  spicules  of  Badiolarians,  and  some  sand  particles ; 
but  these  foreign  bodies  were  in  too  small  proportion  to  aSect  the 
formation  as  conaisting  practically  of  diatoms  alone.  On  the  4th  of 
Fetoury,  in  bit.  52°  29'  S.,  long.  71°  36'  E.,  a  little  to  the  north  of  the 
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ws  bope  to  retun  nndistaibed  oocnpation  for  some  generatiolu  to  come, 
an  account  of  the  present  position  of  tbe  Society  in  respect  of  our  more 
important  poaeessionB;  foundations,  and  functions,  and  our  relations  to 
tiie  Government,  would  not  only  be  generally  acceptable,  but  might  even 
be  required  of  me  by  tliat  large  and  increasing  class  of  Fellows  who  Jive 
£ar  from  oar  doors.  This  class  now  numbers  as  nearly  as  possible  one 
half  of  the  Society,  few  of  whom  can  be  even  occasional  attendants  at  our 
Meetings  ;  and  if  to  this  doss  of  absentees  be  added  the  large  num- 
ber of  residents  within  the  metropolitan  district  whose  avocations  prevent 
their  attending,  it  wiU  not  surprise  yon  to  hear  that  (as  I  have  ascer- 
tained by  careful  inquiry)  a  very  lai^  proportion  of  our  fellow  Members 
know  little  of  the  Society's  proceedings  beyond  what  appears  in  our  perio- 
dical publications,  nor  of  our  collections,  nor  of  the  tenure  under  which  we 
occupy  our  apartmeuto  under  the  Crown — and  that  many  have  never  heard 
of  the  funds  we  administer,  whether  oat  own  or  those  voted  by  Parlia- 
ment in  aid  of  scientific  research,  nor  oE  the  fund  iov  relief  of  the  ne- 
cessitous, nor  of  the  gratuitous  services  rendered  by  the  Society  to 
various  departments  of  the  Oovemment. 

Unlike  the  great  Academies  of  the  continent,  the  Hoyal  Society  Jias 
never  published  an  Almanack  or  Annuaire  cuntajning  information  upon 
its  privileges,  duties,  constitution,  and  management.  Particulars  on 
these  points  are  for  the  most  part  now  accessible  to  the  Fellows  only 
by  direct  inquiry,  or  through  the  Council  Minutes;  and  these,  to  non- 
resident Fellows,  are  practically  inaccessible.  In  my  own  case,  though 
1  hare  long  been  a  resident  Fellow  and  had  the  honour  of  serving  on 
your  Councils  for  not  a  few  years,  it  was  not  until  I  was  placed  in 
the  pomtion  I  now  hold  that  I  became  aware  of  the  number  and  mag- 
nitude of  the  Society's  duties,  or  of  the  loaponsibUity  these  impose 
on  your  officers. 

It  is  upwards  of  a  quarter  of  a  century  since  an  account  of  the  foun- 
dations that  then  existed  and  the  work  the  Society  then  carried  on 
was  published  in  Weld's  valuable,  but  too  diffuse, '  History  of  the  Boyal 
Sodety.'  These  have  all  been  greatly  modified  or  extended  since  that 
period ;  and  many  others  have  been  added  to  them ;  so  that  the  time  has 
now  arrived  when  a  statement  of  the  lai^  funds  apphcable  to  scientific 
rescftrch  which  the  Sodety  distributos,  the  conditions  under  which  these 
are  to  be  applied  for,  and  other  particulars,  might  with  advantage  be 
published  in  a  summary  form  and  distributed  to  the  Fellows  annually. 

Fauinet, — After  the  finandal  statement  made  by  the  Auditors,  you 
will,  Xam  sure  conclude  that  there  is  no  cause  for  apprebeosion  in  respect 
of  Hie  Sodety*s  funds  or  income  ;  and  when  to  this  I  add  that  the  ex- 
penses of  removal  from  the  old  House,  including  new  furniture,  amount 
to  jC1300,  and  that  the  volume  of  Transactions  for  the  present  yeta 
will  contain  eighty-six  Plates,  the  \argeat  number  hitherto  eiecnVeOl  at  \\i« 
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Society')]  cost  withio  the  same  period,  you  will  also  conclude  that  tliera 
is  no  want  of  means  for  providing  illustrationa  to  papers  communicated 
to  u"  for  publication. 

The  landed  property  of  the  Society,  as  stated  iu  the  printed  bahuice- 
ahect  now  before  you,  consists  of  an  estate  at  Acton,  in  the  neighbour- 
hood of  London,  and  an  estate  at  Msblethorpe,  Lincolnshire  j  each 
yielding  a  good  rental.  The  Acton  estate,  at  present  on  lease  to  am 
agricultural  tenant,  is  planned  to  bo  let  as  building  land,  for  which  it  ■ 
favourably  situate,  and  will  thus  bocome  increasingly  valuable. 

The  subject  of  the  tenure  under  which  the  Sodety  holds  the  apart- 
ments we  now  occupy  was  brought  up  on  a  que-stion  of  InBurance.  That 
question  has  been  satisfactorily  settled  by  reference  to  the  Treasury ; 
but  it  may  still  be  worth  while  briefly  to  state  the  facts  which  the  Coundl 
considered  as  fumitthiug  valid  grounds  for  appealing  against  the  require' 
meut  to  insure,  and  for  at  the  same  time  requesting  an  assurance  that  the 
permanence  of  our  tenure  is  in  no  nvy  weakened  by  our  removal  to  this 
building.  These  are:— that,  when  the  apartments  in  Somerset  House  were 
originally  assigned  to  the  Society  by  command  of  George  111.,  they  were 
granted  "  during  the  pleoaure  of  the  Crown  without  pajinent  of  rent  or 
any  other  pecuniary  consideration  whatever ;"  that  the  Society  was  not 
required  to  insure  either  in  Somerset  House  or  old  Burhngton  House  ; 
that  when  tho  Society  removed  at  the  request  of  the  Government  from 
Somerset  House,  and  accepted  temporary  nccommodntion  in  Burlington 
House,  it  was  under  the  written  assurance  of  the  Secretary  of  the 
Treasury,  addressed  to  the  I'resident  of  tho  Society,  that  the  claims  of 
tho  SoL-iety  to  "  permanent  accommodation  should  not  be  thereby  In  any 
respect  weakened;"  that  in  tho  debate  oo  the  estimates  in  1857,  the 
Secretary  oE  the  Treasury  stated,  in  his  ]>kce  in  Parliament,  tfjat  "  the 
Society  could  not  be  turned  out  of  Somerset  ITnuse  without  its  own 
consent,"  and  that  "  it  was  entitled  to  rooms  by  Boyal  grant." 

To  this  appeal  the  Lords  Commissioners  returned  a  satisfactory  answer ; 
and  tlieir  letter,  dated  October  27th  last,  sssures  us  "that  there  is  no 
inti-ntion  ou  the  part  of  the  Treasury  to  alter  the  terms  on  which  the 
Boyal  Society  holds  its  appointments  under  the  Crown  ;  the  conditions 
of  the  Society's  tenure  will  therefore  be  the  same  as  those  on  which  it 
occupied  rooms  in  Somerset  House,  and  woa  subsequently  transferred 
to  Burlington  House." 

"While  feeling  it  my  duty  to  lay  these  details  before  you,  I  must  accom- 
pany them  \titli  the  assurance  that  nothing  has  occurred  during  this  cor- 
respondence to  disturb  the  unbroVen  harmony  that  has  existed  between 
Her  Majesty's  Government  and  the  Eoyal  Soiiety  ever  since  our  occu- 
pation of  apartments  under  favour  of  the  Crown. 

On  every  occasion  of  change  of  quarters  the  Society  has  receii-od 
fc   abnndont  proofs  of  the  regnal  shown  by  the  Government  for  its  position. 
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requirementi,  and  ccmtiDued  prosperity ;  and  there  is,  I  am  sure,  everr 
disposition  on  the  part  of  tke  Ckivemmeat  to  recognize  the  iat^  that  the 
pririleges  conferred  on  the  Society  are  fully  redpro<st«d  by  the  multifn- 
rions  aid  and  ndrice  furnished  by  your  Council  in  matters  of  the  greatest 
importance  to  the  well-being  of  the  Stale. 

The  practice  of  electing  Fellows  of  the  so-called  privileged  class  whosn 
qaalifit-atiotu  were  limited  to  accident  of  lineage  or  political  status,  has 
been  viuwed  with  grave  dissatisfaction  by  many,  ever  aince  the  election 
of  ordinary  Fellons  was  limited  to  fifteen.  The  Council  has  in  con- 
sequence felt  it  to  be  its  duty  to  give  most  careful  attention  to  the 
subject,  which  it  referred  to  a  Committee,  whose  report  has  beea 
adopted  and  embodied  in  a  bye-lsw. 

The  privileged  class  consisted,  as  you  are  aware,  of  certain  Royal  per- 
sonages. Peers  of  the  Bealm  and  Privy  Councillors  (Statutes,  Sect.  IV. 
cap.  1);  and  they  were  balloted  for  at  any  meeting  of  the  Society,  after 
a  week's  notice  given  on  the  part  of  any  Follow,  without  a  suspended 
certificate,  or  other  form  whatever. 

The  Committee  reported  that  it  was  desirable  to  retain  the  power  of 
electing,  as  a  "  privileged  class,"  persons  who,  while  precluded  by  pub!ii> 
duties  or  otherwise  from  meeting  the  scientific  requirements  custo- 
mary in  the  case  of  ordinary  Fellows,  possessed  the  power  and  had 
shown  the  wish  to  forward  the  ends  of  the  Society,  and  recommended 
that  the  class  should  be  limited  to  the  Princes  of  the  Blood  Boyal,  and 
members  of  Her  Majesty's  Privy  Council.  And  with  regard  to  the 
method  of  election,  they  recommended  that  a  Prince  of  the  Blood  Eoyal 
might  be  publicly  proposed  at  any  ordinary  meeting,  and  balloted  for  at 
the  next ;  that,  witJi  regard  to  a  member  of  Her  Majesty's  Privy  Council, 
he  might  be  proposed  at  any  ordinary  meeting  by  means  of  a  certificate 
prepared  in  accordance  with  Chap.  I.  Hect.  3  of  the  Statutes,  membership 
of  the  Privy  Council  being  the  only  qualification  stated — the  certificate 
being,  with  the  Society's  permission,  suspended  in  the  meeting-room  till 
the  day  of  election,  which  should  fall  on  the  third  ordinary  meeting  after 
suspension. 

Having  regard  to  the  eminent  services  to  the  State  which  have  been 
rendered  by  Privy  Councillora,  and  to  the  fact  that  all  Peers  who  do 
render  such  services  ore  habitually  enrolled  on  the  list  of  Privy  Couu- 
dllors,  it  was  believed  by  the  Council  that  the  effect  of  thus  limiting  the 
privileged  class  would  be  that  the  doors  of  the  Society  would  remain  open 
to  alt  such  Peers  as  desire  and  deserve  admission,  but  who  have  not  the 
ordinary  qualifications  for  fellowship ;  while  all  such  Peers  as  might 
appear  vrith  claims  vhicb  compete  with  those  of  ordinary  candidates 
would  prefer  owing  the  feUowship  to  their  qualifications  rather  than  to 
their  Urth. 

The  Council  hopes  that  by  tins  means  the  so-callud  privUvged  «;\a»» 
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will  be  reinforced,  and  that  stateBinea  who  maj  luTe  C(HuidOTed  them- 
selves inelegible  through  want  of  purely  scientific  qualiflcatioDB,  or  who 
have  hesitated  to  offer  themselTOB  from  the  fear  of  inteifering  with 
tlie  Hcientific  claims  of  others,  will  in  future  come  forward  and  recruit 
onr  ranks. 

A  passing  notice  of  the  manner  of  proposing  candidates  for  tlie  <ndi- 
nary  cIobb  of  fellowship  may  not  be  out  of  place.  Theoretically  this  ia 
done  by  a  Fellow  who  is  supposed  to  be  a  friend  of  the  candidate,  is 
versed  in  the  science  on  which  his  clums  are  founded,  and  is  satufied  of 
his  fitness  in  all  respects  for  fellowship.  It  is  most  desirable  that  the 
Fellow  who  proposes  a  candidate  should  take  npon  himself  the  whole  doty 
and  responsibility  of  preparing  the  certificate,  should  sign  it  first,  and 
himself  procure  the  signatures  of  other  Fellows  in  whose  judgment  of  the 
candidate's  qualifications  the  Council  and  the  Society  may  place  implicit 
confidence.  It  is  unsatisfactory  to  see  attached  to  a  candidate's  certificate 
an  ill-considered  list  of  Bigoatures,  whether  given  from  personal  or  from 
general  knowledge ;  and  the  happily  rare  practice  of  soliciting  ugnatures 
and  support,  directly  or  indirectly,  by  tlie  candidate  himself,  caunot  be 
too  strongly  deprecated.  For  obvious  reasons  the  President,  OfBcers,  and 
other  Members  of  Council  have  hitherto  during  their  periods  of  ofiice 
abstained  from  proposing  a  candidate  of  the  ordinary  claaa  or  from  signing 
his  certificate,  but  have  not  withdrawn  their  signatures  from  certificates 
sent  in  before  they  took  olfice.  The  Council  and  OfGcers  will  probably 
not  feel  the  same  objection  to  siguing  the  certificates  of  c&ndidatesof  the 
privileged  class,  as  these  will  not  be  selected  for  ballot  by  the  Council, 
but  will  be  elected  by  the  Society  at  lai^e  at  their  ordinary  meetings. 

In  carrying  on  the  business  of  the  Society  the  Council  is  much 
indebted  to  Committees  appointed  annually  for  special  purposes,  or  to 
whom  an  occasional  question  is  referred.  The  an  mini  appointments 
include  the  Qovemment-Grant,  the  Library,  the  Soir^,  and  the  Acton- 
Estate  Committees.  The  temporary  Committees  of  the  past  year  ha^'a 
been  the  Circumnavigation,  the  Tranait-of-Venua-ExpeditionB,  the 
Arctic,  the  House,  the  Brixham-Cave,  the  Privileged-Classes,  and  the 
Davy-Medal  Committee.  Besides  these  there  are  two  permanent  Com- 
mittees, the  Meteorological  and  the  Soientttic-Belief,  to  which  fresh 
Members  are  appointed  as  vacancies  occur.  From  these  designations  it 
will  be  understood  that  some  of  the  Committees  have  been  occupied 
with  questions  connected  with  the  Government  service,  while  others  have 
devoted  themselves  exclusively  to  the  business  of  the  Society. 

I  shall  now  mention  such  of  the  labours  of  these  Committees  as  seem 
to  be  most  worthy  of  your  attention.  , 

The   Meteorological  Committee  of  the   Board  of  Trade,  as  it  ought  to 

be  called,  discharges  in  all  respects  the  most  arduous  and  responsible 

>  duties  of  any,  controlling  as  it  docs  the  whole  machiuery  of  the  British 
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Gorenmieat  for  the  making,  regutenng,  and  publishing  of  especiftUy 
ooeaoic  meteorological  phenomena  throughout  the  globe. 

The  piimaiy  purpose  for  which  this  and  all  similar  of&cee  were  eeta- 
blisbed,  was  the  acceleration  of  ocean  passages  for  vessels  by  an  accurate 
inreatigation  of  the  prevalent  winds  and  currents.  In  other  words,  their 
great  object  is  to  aid  the  seaman  in  what  Captain  Basil  Hall  called  "  one 
of  the  chief  points  of  his  duty" — namely,  "  to  know  when  to  find  a  fair 
wiod,  and  where  to  fall  in  with  a  favourable  current."  The  first  impulse 
to  the  formation  of  an  Office  for  this  purpose  was  given  by  the  late 
General  Sir  J,  Burgoyne,  who  is  1852  started  the  idea  of  land  obser^ 
vations  to  be  carried  out  hj  the  Corps  of  Boyal  Engineers. 

Shortly  afterwards  our  Government  corresponded  with  the  United- 
States  Government  on  the  subject  of  cooperating  in  a  scheme  for  land 
obeervations,  which  was  followed  by  a  suggestion  on  the  part  of  America 
that  the  operations  should  be  extended  to  the  sea. 

The  coireepondence  was  referred  to  the  Boyal  Society,  which  warmly 
ftpprored  the  scheme  of  sea  observationB,  but  saw  many  difficulties  in 
carrying  out  that  for  the  land.  The  Brussels  Conference  followed  in 
1S53,  when  representatives  of  most  of  the  maritime  nations  assembled  and 
adopted  a  uniform  plan  of  action.  Soon  after  this.  Lord  Cord  well,  then 
President  of  the  Board  of  Trade,  established  the  Meteorological  Depart- 
ment of  that  office,  and  placed  the  late  Admiral  FitzEoy  at  the  head  of  it — 
the  Boyal  Society,  at  the  request  of  the  Oovemment,  supplying  copi- 
ous and  complete  instructloas  for  his  guidance,  which  were  drawn  up 
mainly  by  Sir  Edward  Sabine.  Admiral  FitzKoy's  zeal  and  hie  great 
labours  are  known  to  all ;  he  worked  out  the  system  of  verifying  and 
lending  instruments,  planning  surveys,  registering  observations,  pub- 
lishing results ;  and,  lastly,  himself  originated  the  plan  of  predicting  the 
weather,  and  establishing  storm-signals  at  the  sea-ports  along  the  coast. 

On  Admiral  FitzBoy's  death  in  1865  the  Boyal  Society  was  again 
cmsulted  as  to  the  position  and  prospecte  of  the  Office.  Its  Beport, 
whidididnot  differ  materially  from  that  of  1855,  was  in  1866  referred  to 
a  Committee,  composed  of  a  representative  of  the  Board  of  Trade,  of  the 
Admiralty,  and  of  the  Boyal  Society,  This  Committee  supported  the 
previously  expressed  views  of  the  Society,  and  suggested  the  placing  of 
the  Office  under  efficient  scientific  superintendence ;  upon  which  the 
Society,  in  the  same  year,  *as  requested  by  the  Government  to  undertake 
the  Buperintendence  of  what  had  been  the  Meteorological  Department 
of  the  Board  of  Trade.  To  this  request  the  Council  of  the  Society  so  far 
acceded  as  to  nominate  a  Committee  oE  eight  Fellows  (subsequently 
increased  to  ten)  to  undertake  the  entire  and  almost  absolute  control  of 
the  Office ;  and  a  Parliamentary  grant  of  £10,000  per  annum  was  pro- 
vided to  mnintjuii  it. 

This  is  in  brief  the  history  of  the  connexion  between  the  Boyal  Society 
and  the  Meteorological  Office  on  the  one  hand,  and  between  t^ie  0^i±  mA  - 
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t  on  the  other.     It  ie  b  rery  anomalous  position,  and  hu 
isnnderstood.     It  has  led  to  the  misconception  on  the 
lit  fhe  Society  coiitroUed  the  Office,  and  by  othere  that 
t  (Board  oE  Trade)  controlled  it,  and  by  more  that  tha 
£10,000  is  made  to  and  in  support  of  the  Eoya!  Society, 
bjecta,  whereas  the  grant  is  paid  direct  to  the  Director 
soon  as  voted.     The  Society's  action  is  confined  to  the 
Committee,  which  superintends  the  Office,  while  the  Bc«rd 
T  to  the  Committee  the  details  of  their  operations,  exercise 
control.     The  labours  of  the  Commitlee  are  raitirely 
uo  part  of  the  .£10,000  is  touched  by  them  or  by  the 

e  is  no  parallel  to  such  an  org.iniiatioii  as  this  in  any  other 
[le  Government.     It  has  its  advantage  in  securing  to  th» 
freedom  from  that  disturbing  element  in  (he  public  offices, 
are  chosen  partly  on  political  grounds  aud  change  with 

thority  and  prestige.     Hitherto,  owing  (o  the  care  of  the 
eh  meets  almost  weekly,  to  the  seal  and  efficiency  of  the 
s  also  Secretary  to  the  Committee)  .ind  of  the  Marine 
il  lias  worked  well.     Into  its  working  it  i-  n...t  mv  pur- 
ts  efficientT  and  value  are  fully  ackiio«l,.il-,.(l  i.y  Ihe 
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stntificatioii  of  bji  oceanic  area  of  about  15  million  square  miles  and 
with  an  average  depth  of  15,000  feet.  Nor  are  the  results  of  the  Pacific 
Surrey  less  important.  Some  of  these  were  laid  before  you  at  our  meeting 
ot  the  26th  inst,  in  Prof.  WyviJle  Thomson's  "  Preliminary  Notes  on  the 
Nature  of  the  Sea-Bottom  in  the  South  Sea,"  which  reveal  the  eiist«nce 
.  of  hitherto  unBuspect«d  processes  of  aqueous  metamorphism  at  great- 
depths  in  the  ocean,  and  throw  an  entirely  new  light  upon  the  geological 
problem  of  the  origin  of  "  azoic  "  clays  and  schists. 

Valuable  papers  on  new  and  little-known  marine  animals  have  been 
contributed  to  our  Transactions  and  Proceedings  by  Mr.  Willemoes- 
Suhm,  Mr.  Moseley,  and  other  members  of  the  Civilian  Scientific  Staff 
of  the  'Challenger;'  and  a  IVumber  of  the  Journal  of  the  Linnean 
Society  ia  devoted  to  the  Botanical  observations  and  collections  made  by 
Mr.  Moseley  during  the  course  of  the  voj'a^. 

Trarwil-^)f-Venu$CommitUt, — Upon  the  representation  of  your  Council, 
Her  Majesty's  Government  has  attached  naturalists  to  two  of  the 
astronomical  expeditions  sent  out  from  this  country  to  observe  the 
approaching  transit  of  Venus.  The  stations  selected  were  the  two  most 
inaccessible  to  ordinary  cruisers,  and  at  the  same  time  most  interesting 
in  regard  to  their  natural  productions — -namely,  the  island  of  Rodriguez  in 
the  Mauritius  group,  and  Kerguelen's  Laud  in  the  South  Indian  Ocean. 

The  objects  and  importance  of  these  appoiutments  were  laid  before 
the  Government  in  the  following  statement ; — 

"  It  is  an  unexplained  fact  in  the  physical  history  of  our  globe,  that  all 
known  oceanic  archipelagos  distant  from  the  great  continents,  with  the 
sole  exceptions  of  the  Seychelles  and  of  a  solitary  islet  of  the  Mascarene 
group  (which  islet  is  Bodriguez),  are  of  volcanic  origin.  According  to 
the  me^;re  accounts  hitherto  published,  Rodriguez  consists  of  granite 
overlaid  with  limestone  and  other  recent  rocks,  in  the  caves  o£  which 
have  been  found  the  remains  of  recently  extinct  birds  of  a  very  singular 
structure.  These  facts,  taken  together  with  what  is  known  of  the 
Natural  History  of  the  volcanic  islets  o£  Mauritius  and  Bourbon  to  the 
west  of  Rodriguez  and  of  the  granitic  archipelago  of  the  Seychelles  to  the 
north  of  it,  render  an  investigation  of  its  natural  products  a  matter  of 
exceptional  scientific  interest,  which,  if  properly  carried  out,  cannot  fail 
to  be  productive  oE  most  iniportant  results. 

"Asr^anls  Kergiielen's  Jjand,  this  large  island  (100  by  50  miles) 
was  last  \iaited  iu  1^40,  by  the  Antarctic  Expedition  under  Sir  Jnuies 
Koas,  in  midwinter  ooiy,  when  it  was  found  to  contain  a  scanty  flora 
of  flowering  plants,  some  of  which  belong  to  entirely  n6w  types,  and  an 
extraordinarr  profusion  of  marine  animals  aud  plants  of  the  greatest 
interest,  many  of  them  being  representatives  of  north-temperate  and 
Arctic  forms  of  life. 

"I[,M.8.  'Challenger'  will  no  doubt  visit    Kerguelen's  Land,  and 
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collect  hageij ;  but  it  is  evident  that  many  yean  would  be  nquirad  to 
obtain  even  a  fair  representatioii  of  its  marine  prodncti ;  and  tbaa^  we 
are  not  prepared  to  say  tliat  the  flciuntific  objects  to  be  obtained  by  a 
oatuialist's  viait  to  Kerguelea's  Ijtnd  are  of  equal  importance  to  tiioae 
which  Bodrigues  will  yield,  we  cannot  but  regard  it  as  in  ereiy  respect 
moat  desirable  that  the  rare  opportunity  of  sending  a  coUecttv  to  Ker- 
guelen's  Land  should  not  be  lost." 

1  may  further  state  as  a  matter  of  gteal)  sdeniific  intereet,  that 
BodrigueK  contains  the  remains  of  a  gigantic  speciee  oi  land-4nrt<aw 
allied  to  those  still  surviving  in  some  other  islands  of  the  lUoniitiBn 
group,  and  that  the  nearest  idlies  of  these  are  the  gigantic  tortmaea 
of  the  Galapagos  Islands  in  the  opposite  hemisphere  of  the  globe,  as  one 
of  our  Fellows,  Sr.  Oiinther,  has  shown  in  a  paper  read  last  Sesiion 
to  the  aocitjty.  Very  valuable  collections  of  these  fossils  hare  been  made 
by  Mr.  Kewton,  the  Colonial  Secretary  of  Mauritius,  during  a  brief  stay 
which  he  was  enabled  to  make  in  Bodrigues ;  but  the  materiaJs  are  far 
from  sufficient  for  obtaining  all  the  information  we  want. 

lu  oivordance  ait  h  your  Council's  recommendation,  the  Treasnry  lane- 
tioued  the  Appointment  of  four  naturalists — three  to  Bodriguez,  uid  one 
to  Kerguelen's  Land.  Those  sent  out  to  Eodrigues  are: — Mr.I. B.Balfour, 
son  of  l^of.  Balfour,  of  Ediiibtii^h,  F.B.S.,  who,  besides  being  educated 
as  a  botauittt,  has  worked  as  a  licld  geologist  in  the  Geological  Ijurvey  of 
ijcotland  ;  he  is  charged  with  the  duties  of  botanist  and  geologist ;  Mr. 
George  Gulliver,  sou  of  one  of  our  b'ellows  and  a  pupil  of  Profeesor 
liolleston,  in  Oxford,  who  goes  out  oa'  natoraliet ;  And  Mr.  H.  H.  SUter, 
who  has  had  great  experience  as  a  cave-ezplorer,  and  who  will  devote  bis 
att«ntion  especially  to  the  collection  of  fossils. 

The  KerguelenVLand  duties  are  undertaken  by  the  Bev.  A.  E.  Eaton, 
M.A.,  a  gentleman  most  favourably  known  as  an  entomologist,  and  who 
hod  made  very  important  collections  in  Spitzbergeu,  which  he  visited 
for  the  purpose  of  studying  its  fauna  and  Hora.  These  gentlemen  had, 
by  the  lost  accounts,  aU  proceeded  to  their  destinations. 

Commitfee  of  Fapert.— The  strength  of  the  Society  being  represented 
by  ita  publicatious,  the  Committee  of  Papers  is  the  one  whose  functions 
are  unquestionably  the  highest  and  most  onerous,  oa  they  are  the  most 
closely  scrutinized  by  the  Fellows  and  the  public. 

Every  member  of  the  Council  is  included  in  this  Committee,  which 
meets  oftor  almost  every  C\)uncil-mceting ;  and  no  part  of  its  duties  is  at 
present  performed  by  a  subcommittee.  It  appears  to  me  to  be  very 
doubtful  whether  this  arrangement,  even  if  the  best,  can  lost,  owing  to 
the  greatly  increased  number  of  papers  now  commmucated  and  their 
augmenting  bulli,  and  to  the  value  of  their  contents  being  less  easily 
estimated  as  the  subjects  of  scientific  research  become  more  specialized. 
Aa  it  is,  ill  the  mjijority  of  iiises  but  few  of  the  members  present  um 
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judge  of  tiie  merits  of  maiij-  of  the  papers ;  and  it  is  not  easy  after  &  pro- 
tiacted  Council-meetiiig,  and  one  occupied  with  promiscuous  busineaa,  to 
fix  tiiB  attention  of  a  large  Committee  upon  subjects  with  which  but  few 
members  present  may  be  fiuuiliar.  It  is  true  that  the  Committee  is  aided 
in  all  cases  b;  the  written  opinions  of  careful  and  impartial  referees,  and 
hj  the  special  attainments  of  our  Secretaries,  and  that  it  is  moat  deai- 
table  tiittt  the  sometimes  divergent  opinions  of  these  should  be  weighed 
by  others  as  well  as  by  experts  in  the  subjects  of  the  papers.  But  for  all 
this  a  Committee  of  the  whole  Council  is  not  necessary ;  and  though  I 
should  not  be  disposed  to  advocate  a  return  to  a  system  once  pursued  of 
lendring  the  Committee  into  subcommittees  charged  with  apecitd  sub- 
jects, I  think  it  possible  that  some  other  plau  may  meet  the  diiGcultiea 
of  the  case  and  relieve  our  overburtbened  Council  of  much  labour,  A 
posdhle  plan  for  relieving  both  the  Council  and  the  Committee,  while 
aecoring  as  careful  a  scrutiny  of  the  Papers  as  we  now  have,  would  be  a 
division  of  the  labours  of  the  Committee,  and  an  addition  of  extra  members 
to  its  number,  chosen  from  among  the  Fellows,  who  should  continue 
in  office  throughout  the  Session.  This,  or  some  plan  of  the  kind,  would 
have  the  advantage  of  engaging  more  of  the  Fellows  thau  at  present  in 
the  affairs  of  the  Society ;  and  I  feel  sure  that  so  respousible  a  position 
as  that  of  Extra  Member  of  the  Committee  of  Papers  would  be  accepted 
with  pride  by  those  Fellows  who  are  most  competent  to  discharge  the  duties. 
It  seems  convenient  to  refer  here  to  auggestious  that  have  been  made 
to  me  as  to  the  expediency  of  breaking  up  our  Transactions  or  Proceedings, 
or  both,  into  sections  devoted  to  Physics  and  Siology  respectively,  or  even 
subdividing  them  still  more.  This  separation  has  been  advocated  on  the 
ground  that  science  has  become  so  specialized  that  no  scientific  man  can 
grasp  all  its  subdivisions,  that  the  mixed  publications  are  cumbersome 
and  difficult  to  consult,  and  that  private  libraries  are  now  overburthened 
with  the  publications  of  Societies,  of  each  of  which  a  small  part  would 
suffice  for  all  their  possessors'  wants.  There  is  no  question  that  this,  if 
now  an  evil,  will  soon  become  intolerable ;  for  our  publications  increase 
rapidly  in  number  of  contributions,  and  in  their  bulk.  There  are,  how- 
ever, so  many  considerations  t«  be  discussed  before  any  system  of  relief 
can  be  adopted,  that  I  confine  myself  to  stating  the  subject  as  It  has  been 
lurgod  upon  me. 

The  Society's  Library  now  comprehends  36,270  volumes  and  10,000 
tracts,  the  most  considerable  collection  of  scientific  works  in  the  pos- 
session of  any  private  body ;  and  in  respect  of  Transactions  and  Fro- 
oeedings  of  Scientific  Academies,  Societies,  and  Institutions,  I  believe  it  is 
unrivalled  among  public  bodies. 

A  complete  Catalogue  of  the  Scientific  Books,  MSS.,  and  Letters, 
which  I  regret  to  say  is  unaccompanied  by  any  historical  or  other  iufot- 
mation  r^aiding  the  Library,  was  pri&ted  in  1839.    Anothec  CftVBkLo^ue 
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llaueous  Literature  and  Lettera  was  printed  in  1841 ;  and 

imbering  upwards  oE  oOOn, 

years  past  tlie  Library  Committee,  indefatigable  in  steady 
,ve  greatly  iuureased  tlie  value  and  efficiency  of  our  Library ; 
preWoua  to  leaving  old  Burlington  House  for  our  present 
:  ordered  a  rejirniiigement  of  the  whole,  and  the  preparation 
^ftlogue,  whirh  is  being  prOL-eeded   tt'ilb  (is  fast  as  the  cur- 
'  the  officers  will  permit. 

1  time  the  Catalogue  of  Transactions  and  Joumsls  is  printed 
i\irposes,  and  will  be  added  to  until  such  time  as  the  general 
■t;ady  for  press. 

ion  of  Oriental  MSS.  presented  by  Sir  William  Jones  in 
iik'd  to  hy  hia  widow  in  1797,  was  largely  consulted  by 
,'  distinguished  toreiguera  who  assembled  at  the  Oriental 
Lioudon  last  Septeinher,      From  conversation  with  some  of 
<?n,  I  Icanit  that  the  collection  contains  many  documents  of 
alue  and  rarity,  together  with  some  that  are  unique  ;  and  it 
the  consideration  of  the  Council,  whether  they  would  not 
111  if  transferred  to,  or  deposited  in,  the  India  Office  or 
i-icntiil  Library,  where  they  would  be  consulted  to  greater 
u  here  ?    At  present  they  occupy  part  of  the  room  devoted 
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has  been  .£8936  12(.,  of  which  ^3720  \5*.  6(1.  (the  cost  of  prepara- 
tioa)  was  de&ayed  b^  the  Soneiy,  &nd  the  rest  (the  cost  of  printing, 
paper,  and  tnodiog)  by  the  Treasury ;  against  which  munt  be  set  the 
piDceedfl  of  sale,  repaid  to  the  Treasury  in  occasional  amounta,  the  last 
within  the  present  year,  maliiDg  a  total  of  one  thousand  poundn. 

The  number  of  copies  of  the  Society's  Transactions  distributed  gratui- 
tously to  Institutions  and  Individuals  not  Fellows  of  the  Society  is  now 
209,  and  of  the  Proceedings  325, 

Houie  Committee. — The  great  labours  of  this  Committee  in  connexion 
with  the  removal  Into  the  apartments  we  now  occupy  had  not  terminated 
at  the  begbning  of  the  past  Session  ;  and  various  matters  have  atill 
to  be  attended  to.  That  the  arrangements  the  Committee  hon  made 
have  given  satisfaction  to  the  Fellows  at  largo  has  been  amply  acknow- 
ledged. We  are,  indeed,  greatly  indebted  to  them  for  the  knowledge, 
experience,  and  time  all  so  freely  given  in  our  sen'ice,  as  also  to  the 
knowledge  of  our  requirements  and  the  practical  views  of  our  A  ssistant- 
Secretary,  upon  whom  fell  the  duty  of  suggesting  the  best  disposition  of 
the  apartments  throughout  this  large  and  commodious  building.  Lastly, 
Z  would  beg  your  permission  to  record  the  senices  of  the  eminent  architect, 
Mr.  Barry,  who  has  throughout  shown  the  greatest  regard  to  our  position 
and  requirements,  and  but  for  whose  professional  ability  enlisted  in  our  ser- 
vice we  might  have  found  ourselves  as  ill  as  we  are  now  well  accommodated, 

Ptinda  and  BeqwiU. — Tht  Donation  Fund.  In  1828  our  former  Presi- 
dent, Dr.  Wollaston,  invested  £2000  in  the  Three  per  Cents  for  the  crea- 
tion of  a  Fund,  the  dividends  from  which  were  to  be  expended  liberally 
"  ^m  time  to  time  in  promoting  experimental  researches,  or  in  ren'arding 
those  by  whom  such  researches  have  been  made,  or  in  such  other  manner 
as  shall  appear  to  the  President  and  Council  for  the  time  being  most 
sondncive  to  the  interests  of  the  Society  in  particular,  or  of  Science  in 
genera]."  There  is  no  restriction  as  regards  nationality  ;  but  Membera 
of  Ccundl  are  excluded  from  participation  during  their  term  of  office. 

To  this  Fund  many  liberal  additions  were  made :  Mr.  Davics  Qilbert 
gave  £1000  ;  Warburton,  Hatchett,  GuiUemard,  and  Chantrey  each 
rontribated  100  guineas.  From  these  gifts,  and  by  accumulations,  the 
Fund  in  1649  had  increased  to  £5203.  With  subsequent  contributions, 
and  a  bequest  of  £500  by  our  eminent  Fellow  the  late  Sir  Francis 
fionalds,  the  total,  as  shown  by  the  balance-sheet  now  in  your  hands, 
amounta  to  .£5816  1*.  Id.  In  addition  to  the  balance-sheet  already 
referred  to,  a  detailed  statement  of  grants  from  tl.e  Donation^  Fund  is,  in 
accordance  with  a  resolution  of  Council,  published  with  the  Report  of 
the  Anniveraary  Meeting. 

Sir  Francis  Bonalda  died  in  1S73 ;  hia  bequest  (reduced  by  payment 
of  legacy  duty  to  £450}  was  matle,  as  decJftred  in  his  WiW,  m  recogiviVwia. 
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ages  he  had  derived  when  Honorary  Director  of  the  Obser- 

1-.  from  the  sums  granted  to  him  out  of  the  Fund  to  aid 
[istruction  of  his  photographic  apparatus  for  the  registration 
Magnetism,  Atmospheric  Electridtj,  and  other  Meteoto^H 

its  made  during  the  post  Session,  7  would  especially  mejf 
Dr.  Dohrn  in  support,  of  the  8ta7.ione  Zoologica  at  Kaplet^-  ' 
British  naturalists,  Mr.  Laukest«r  and  Mr.  Balfour,  hare 
'  a  valuable  series  of  obsen'ations  on  marine  animals, 
others  were  a  grant  of  £2b  to  Dr.  Carpenter  for  the  purpose 
g  an  apparatus  to  illustrate  the  theory  of  0<-eanic  Circula- 
u  to  temperature,  and  £Z(i  in  aid  of  the  Suh-Wealden  Eiplo- 
iference  to  this  last,  I  should  remark  that,  in  recognition  of 

scientific  results  which  have  been  obtained  from  the  8ub- 
iig  (which  is  now  carried  to  a.  depth  of  1000  feet),  and  in 
iiing  further  assistance  from  Pier  Majesty's  Government 
ork,  the  Coimcil  authorized  me  to  lay  before  the  Chaucellor 
uer  Buch  a  statement  aa  I  should  judge  appropriate  with  tha 
ining  a  grant  from  the  pubhc  purse  in  aid  of  the  boring. 
ce  of  this  resolution,  I  joined  the  President*  of  the  Oeo- 

und  of  the  Institution  of  Civil  Engineers  in  presenting  a 
ich  wft9  most  favourably  received,  and  was  answered  by  a 
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tion  of  edacation  and  leanung  in  everj  part;  of  the  woriA,  as  drcum- 
ataocns  permit,"  the  Trustees  having  an  "  absolute  and  UDControlled  di»- 
creti<xi "  oa  to  the  mode  of  applying  it.  The  income  of  the  Trust,  which 
is  being  gradually  augmented  by  the  sale  of  building-lots  at  Sydney, 
where  Dr.  Gilchrist  had  invested  a  considerable  sum  in  the  purchase  of 
an  estate  with  a  view  to  its  ultimate  rather  than  it^  immediate  produc- 
tiveness, now  amounts  to  about  ^4000  per  aunum.  The  Trusteee  have 
created  variona  Scholarships  for  bringing  young  men  of  ability  from  India 
and  the  Colonies  to  carry  on  their  education  in  thia  country ;  and  they 
have  also  given  assistance  to  various  educational  institutions  which  they 
considered  to  have  a  claim  for  occasional  help  from  the  Fund,  such  as  the 
Working  Men's  CoUege  in  London  and  the  Edinburgh  School  of  Arts  ; 
and  t^y  have  instituted  short  courses  of  scientific  lectures  to  working 
men  in  London,  Manchester,  Leeds,  and  Liverpool. 

The  Trustees  now  desire  to  do  something  effectual  for  the  advancfment 
of  learning ;  and  a  scheme — BubsequenUy  submitted  to  the  Council  of  the 
So^  Society — was  suggested  by  Dr.  Carpenter,  the  Secretary  of  the  Trust, 
as  one  which  seemed  to  hlra  to  be  the  moat  effectual  for  carrying  out  this 
object ;  and  it  was  adopted  by  the  Trustees  on  his  recommendation. 

In  a  letter  addressed  to  myself  in  June  last  Dr.  Carpenter  informed  your 
Council  that  the  Trustees  of  the  Fund  hod  resolved  to  employ  a  portion  of 
it  in  the  promotion  of  scientific  research,  and  empowered  him  to  submit  the 
following  liberal  proposal  to  the  consideration  of  your  Counril :  namely,  the 
Tmstees  propose  annually  to  entertain  the  question  of  placing  XIOOO  at 
the  dispooal  of  the  CouncO  of  the  Boyal  Society  to  be  expended  in  grants 
to  men  of  proved  ability  in  scientific  research,  but  who,  from  their  limited 
pecuniary  means,  are  precluded  from  prosecuting  inquiries  of  great  inter- 
est by  the  necessity  of  devoting  to  remunerative  work  the  time  they 
would  wish  to  devote  to  such  inquiries,  the  Council  of  the  Society  to 
undertake  on  their  part 'to  recommend  to  the  Trustees  suitable  subjects  of 
inquiry,  competent  men  circumstanced  as  indicated,  and  the  sum  to  be 
Msigned  in  each  case.  The  Trustees  desire,  further,  that  the  grants  should 
not  be  r^arded  as  eleemosynary,  but  rather  as  Studentships  carrying  n-ith 
tiiem  scientific  distinction,  and  not  as  rewards  for  past  work,  but  as 
means  for  work  to  be  done. 

Upon  this  communication  (in  which  yon  cannot  fail  to  percmve  not  only 
an  enlightened  regard  for  the  interests  of  science  on  the  part  of  the 
Troetees,  but,  ou  the  part  of  their  Secretary,  an  accurate  perception  of  the 
beat  means  of  supplying  one  of  the  greatest  scientific  needs),  your  Council 
appointed  a  Committee  to  report  on  the  proposal.  Their  labours  are 
already  ctmcluded ;  the  proposition  has  been  accepted,  but  under  stipu- 
lation for  fulfilment  of  the  following  conditions  by  applicants  for  the 
grants  :— 

That  the  grants  should  be  made  for  one  year  only  in  each  cose,  thou^\^ 
mibject  to  renewal. 
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That  the  recipients  be  deaigniited  Oildtritt  Stitdenti  tm  &»  jmr  in 
which  the  grants  are  mode. 

That  no  application  for  grants  be  received  except  it  hw  beea  approred 
by  the  President  and  Council  of  aay  one  of  the  six  Societies — ^ounelj, 
the  Bojol,  Aatronomicat,  Chemical,  Linnean,  Qeolof^csl,  and  Zoolt^ioJ; 
and  that  all  applications  be  submitted  to  a  Ccmiinittee,  consiating  of  the 
Fresidenta  of  the  six  Societies  together  with  the  Officers  of  the  BotkI 
Society,  which  Committee  shall  recommend  the  applicutta  to  t^e  Gil- 
christ Trustees. 

That  a  form  of  application  be  prepared  setting  forth  the  general  objecta 
of  the  Gilchrist  Studentships,  and  the  conditions  upon  which  thej-  ue 
conferred, 

That  each  Student  furnish,  at  the  end  of  the  year  for  which  the  grsnt  ii 
made,  a  report  of  his  progress  and  results,  signed  by  himself  and  oountei^ 
signed  by  the  President  of  the  Society  through  which  the  application  wai 
transmitted. 

Simple  and  acceptable  as  such  a  scheme  appears,  it  may  prore  t^  no 
means  always  smooth  in  the  working.  It  will  be  easy  to  find  subjeota, 
and  candidates  too  ;  but  the  Trustees  must  not  expect  in  ereiy  case  ft 
full  annual  harvest  for  what  they  aunimlly  sow,  or  that  some  of  the  seed 
wilt  not  be  prodiictire  of  a  crop  of  good  intentions  rather  than  good 
fruits.  Putting  aside  all  the  temptations  to  procrastination  that  pre- 
paymeut  fosters,  there  is  the  fact  that  every  subject  of  scientific  research 
presents  a  labyrinth  in  which  the  investigator  may  wander  further  and 
further  from  the  main  gallery,  always  following  some  tempting  lateral 
troch  leading  to  discovery,  but  never  either  reaching  the  end  of  it  or  get- 
ting back  to  that  which  ho  set  out  to  follow. 

We  must,  however,  hope  for  the  best  results  from  so  munificent  an 
endowment  of  scientific  research,  and  watch  'n'ith  the  deepest  interest 
the  progress  of  an  experiment,  Iho  means  for  instituting  which,  after 
being  urgently  called  for  from  the  Government  aud  our  Universities, 
are  now  forthcoming  from  private  resources. 

The  irintrtMjAim^r^uwf.—  irithcrto  this  curious  bequest  has,  so&traa 
the  Society  is  concerned,  proved  alike  profitless  and  trouUeaome,  as 
will  appear  from  a  few  particulars  of  its  history. 

Sir  Clifton  Wintringham,  Bart.,  a  Fellow  and  son  of  a  Follow  of  thii 
Society,  died  at  HammRrsmilh,  January  10, 1794,  and  bequeathed  £1200 
thrce-per-cent.  Consols  (paj-ablo  twelve  months  after  the  decease  of  his 
wife)  to  theEoyal  Society,  subject  to  the  condition  that  within  one  month 
of  the  pavinent  of  the  annual  dividends  in  each  year  the  President  should 
fix  on  the  subjects  for  three  essays  in  Natural  Philosophy  or  Chemistry, 
and  submit  them  to  the  Society  to  be  adopted  by  secret  ballot.  The  sub- 
jects  were  then  to  be  advertised  in  the  papers  of  London,  Paris,  and  the 
Hague :  the  essays  «-ere  to  be  sent  to  the  Boyal  Society  within  ten 
months  of  date  of  advertisement,  each  author  to  deliver  ten  copies  ;  and 
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the  Freaideat  and  nine  Members  of  Council  were  to  choose  the  best, 
and  then  to  have  made  a  silver  cup  of  .£30  value,  to  be  presented  to  the 
raccessf  nl  essa^rist  on  the  last  Thursday  in  December.  In  case  of  failure 
file  dividends  were  to  be  pud  to  the  Treasurer  of  the  Foundling  Hos- 
pital. 

Ladj  Wintringham  died  in  1803 ;  but  the  Boyal  Society  heard  nothing 
of  the  bequest  until  1839,  when  steps  were  taken  to  obtain  possession  of 
tbe  fund.  The  Foundling  Hospital  put  forward  their  claim  ;  l^al 
proceedings  were  taken,  costs  being  paid  out  of  accumulated  dividends ; 
and  in  1842  the  Boyal  Society  were  put  in  possession  of  the  ^£1200  stock. 
Owing  to  the  essential  difficulties  of  carrying  out  the  conditions  of  the 
testator's  will,  the  dividends  have  ever  since  been  paid  to  the  Foundling 
Hospital. 

The  Council,  desirous  that  those  difficulties  should  be  overcome,  have 
at  different  times  appointed  a  Committee  to  examine  the  question  and 
soggest  if  possible  a  solution ;  but  no  satisfactory  conclusion  has  yet 
been  arrived  at. 

The  HandUif  Bequat.— Mr.  Edwin  Handley,  of  Old  Bracknell,  Berks, 
was  a  country  gentleman,  and  the  possessor  of  a  considerable  landed  and 
personal  estate  in  Berkshire  aud  Middlesex.  He  died  in  1843,  having 
bequeathed  the  bulk  of  his  property,  after  the  decease  of  his  two  sisters, 
to  the  Boyal  Society. 

Tbe  last  of  these  ladies  died  in  1872,  since  when  certain  legal  for- 
malities hara  been  complied  with,  and  the  claims  of  the  Boyal  Society 
to  tbe  lauded  estates  under  the  Mortm^n  Act  have  been  brought  before 
the  Court.  In  February  last  the  Master  of  the  Bolls  decided  that  "the 
gifts  to  the  Boyal  Society,  so  far  as  they  relate  to  pure  personalty,  are 
good  charitable  gifts,  but  otherwise  void."  The  penonalty  as  set  forth 
in  the  "  Bill  of  Complaint,"  comprises  ^6033  "».  5'/.  Throe-per-Cent- 
Onuola,^1904  17«.  2d.  Beduoed,  and  .£41  IS*.  5d.  Bank-of-Bngknd 
Stock. 

By  the  terms  of  the  Will  the  Society  is  to  presene  the  property 
intact  in  value,  as  a  Fond  Principal,  the  income  of  which  ia  to  be  applied 
to  the  rewarding  inventiona  in  art,  discoveries  in  science,  physical  or 
metaphysical  ("  which  last  and  highest  branch  of  science,"  to  quote  the 
testator's  words,  "  has  been  of  late  most  injuriously  neglected  in  this 
eoontry  "),  or  for  the  assistance  of  fit  persons  in  the  prosecution  of  in- 
ventiona and  discoveries.  The  rewards  or  assistance  are  to  be  granted 
annoally,  or  after  longer  periods,  to  British  subjects  or  foreigners, 
■Mxvding  to  the  impartial  decision  of  the  President  and  Council. 

The  Direkt  BtqwM. — Mr.  Henry  Dircka,  of  Liverpool,  and  lafterly  of 
London,  who  died  in  1872,  has  bequeathed  the  residue  of  his  property 
(abont  ;C4000),  after  payment  of  debts  and  charges,  to  the  Boyal  Society, 
Boyal  Society  of  Literature,  Chemical  Society,  and  Boyal  Society  of 
Bdinbnrgh,  in  equal  shares  and  proportions,  in  furtherance  of  their 


^.^^  Aiiairs,  to  the  effect  that 
of  Milan,  has  bequeathed  a  portion  of   his 
•"Academy  of  Science  of  London/'     As,  ]n 
what  Society  is  indicated  under  this  title,  anc 
tator  intend  to  dispute  the  Will,  the  Council, 
take  no  steps  in  the  matter.     I  have  further 
terms  of  the  Will,  the  Academy  of  Science  wi 
burthened  with  annual  duties  and  responsibili 
bution  of  the  proceeds  which  would  be  altogel 
position  and  purposes  of  the  Boyal  Society. 

The  FairehUd  Lecture, — This  Lecture  no  lonj 
financial  statement  of  your  Treasurer.  Thougl 
and  regarded  almost  from  the  first  with  little  S3 
without  our  walls,  it  should  not  pass  away  withou 
In  February  1728  Thomas  Fairchild,  of  Hoxtgn,  g 
to  be  placed  at  interest  for  the  payment  of  2C 
preaching  a  sermon  in  the  parish  church  of  St.  ] 
Whitsun  week  on  "  the  wonderful  works  of  Go 
the  certainty  of  the  resurrection  of  the  dead  prov 
the  animal  and  vegetable  parts  of  the  creation 
most  of  the  lectures  were  read  by  Archdeac 
joriginal  Trustees,  who  in  1746  contributed  all 
fund,  which,  with  a  subscription  raised  by  the  ' 
in  1746  to  purchase  XI 00  South  Sea  stock.  Sub 
offered  to  and  accepted  by  the  Society :  the  tran 
and  from  that  date  the  Lenf"'--— 


/N  •!  rm 
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discoreiT  in  Chemistry  made  in  Europe  or  Anglo-Americs.    The  history 
of  tliii  medal  ia  m  follows : — 

Onr  former  illustrious  President,  Sir  Humphry  Davy,  was  presented 
hj  the  ooal-owners  of  this  country  with  a  service  of  plate,  for  which 
diey  Bubscribed  £3500,  in  rect^nition  of  his  merits  as  inventor  of  the 
Sftfetf  Idmp,  In  a  codicil  t«  his  will  Sir  Humphry  left  this  service 
of  plat«  to  Lady  Davy  for  her  use  during  her  life,  with  instructions 
that  after  her  death  it  should  pass  t-o  other  members  of  the  family, 
with  the  proviso  that,  should  they  not  be  in  a  situation  to  use  or  enjoy 
it,  it  should  be  melted  and  given  to  the  Boynl  Society,  to  found  a  Med^. 
to  be  awarded  annually  for  the  most  important  discovery  in  Chemistry, 
anywhere  made  in  Europe  or  Anglo-America. 

On  Sir  Humphry's  death  the  service  of  plate  became  the  property  of 
his  brother.  Dr.  John  Qaty,  F.R.3.,who,  ia  fulfilment  of  ^ir  Humphry'H 
intentions,  bequeathed  it  after  the  death  of  his  widow,  or  before  if  she 
thought  proper,  to  the  fioyal  Society,  to  be  applied  as  aforesaid.  On  the 
death  of  Mrs.  Davy  the  plate  was  transferred  to  the  custody  of  your 
IVeuurer,  and,  having  been  melted  and  sold,  realized  £TA^  B».  5d.,  which 
ia  invested  in  Madras  guaranteed  rail\vay  stock,  as  set  forth  in  the 
'^easorer's  balance-sheet'.  The  legacy  duty  was  repaid  to  the  Society  by 
the  liberality  of  the  Bev.  A.  Davy  and  Mrs.  Bollestoo. 

The  style  and  value  of  the  medal,  and  the  steps  to  be  laken  in  reference 
to  its  future  award,  are  now  under  the  consideration  of  the  Council,  and 
will,  I  hope,  be  laid  before  you  on  the  nest  Anniversary.  The  accept- 
ance of  the  taust  has  not  been  decided  upon  without  long  and  careful  deli- 
beration, nor  without  raifiDg  the  question  of  the  expediency  of  recognizing 
■eientific  services  and  discoveries  by  such  trivial  an'ards  as  medals,  and 
of  the  extent  to  which  the  awards  entrusted  to  our  Society  are  depreciated 
by  their  multiplica^n.  My  own  opinion  has  long  been  that  some  more 
NtasCactory  way  of  recognizing  distinguished  merit  than  by  the  preaeuta- 
ticm  of  a  medal  might  be  devised,  and  that  the  award  might  take  a  form 
which  would  convey  to  the  public  a  more  prominent  and  a  more  permanent 
record  of  the  services  of  the  recipients,  such  as  a  bust  or  a  portrait  to  be 
hang  on  our  walls,  or  a  profile  or  a  record  of  the  discovery  to  be  engraved 
on  the  medal,  which  might  be  multiplied  for  distribution  or  sale  to  Fellows 
and  to  foreign  Academies.  In  short,  I  consider  awards  of  medals  without 
diitiiictiTe  features  to  be  anachronisms  ;  it  is  their  purpose,  not  their  value, 
iriud)  should  be  well  marked ;  and  the  question  is,  whether  that  purpose 
ia  vdl  aoBwered  by  their  being  continued  under  the  present  form. 

Itutnttnttitt. — The  small  but  remarkable  and,  indeed,  classical  collection 
of  inatnunents  and  apparatus  belonging  to  the  Society,  and  for  which 
there  waa  no  accommodation  in  old  Burlington  House,  was,  on  our 
migration  from  Somerset  House  in  1857,  by  order  of  the  Council,  depo- 
■tod  in  tiie  ObeervatoTy  in  the  Kew  Deer-Fark,  near  Eichmond,  t\keu 
andcr  tiie  control  of  the  British  Association. 

t2 
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The  inBtruments  haTe  been  now  for  the  most  part  brought  bkck  snd 
placed  in  our  Inatruineat-Soom,  and  wiU,  I  hope,  at  no  distant  period 
be  accessible  to  the  Fellows. 

On  the  motion  of  General  Smythe,  seconded  by  Mr.  Francis  Galtoa, 
it  was  resolved — "  That  the  thanks  of  the  Society  be  retomfid  to  tiw 
President  for  his  Address,  and  that  he  be  requested  to  allow  it  to  bs 
printed." 

I  now  pass  to  the  presentation  of  the  Medals. 

The  Copley  Medal  has  been  awarded  to  Prof.  Louis  Pasteur,  one  of 
our  Foreign  Members,  "for  his  researches  on  Fermentation  and  on 
Pebrine." 

Prof.  Pasteur's  researches  on  fermentation  oonsiBt  essentiallj  of  two 
parts  :— the  first  psrt,  in  which  he  enters  exhaustively  into  the  examina- 
tion of  the  products  formed  in  this  process ;  and  the  second,  in  which  be 
takes  up  the  question  of  the  cause  of  fermentation. 

Previous  obserreTs  had  noticed  the  production,  in  solntions  of  sngsr 
which  had  been  fermented,  of  substances  other  than  the  two  commonly 
recognized,  alcohol  and  carbonic  acid ;  but  it  remained  for  Past«ur  to 
show  which  were  essential,  and  which  were_  occasional  products.  In  the 
series  of  able  papers  contributed  to  the  '  Comptcs  Rendus '  and  to  the 
'  Annalcs  de  Chimie  et  de  Physique,'  he  proved  conclusively  that  suc- 
cinic scid  and  glycerine  were  always  found  in  fermented  solutions  of 
sugar,  while  lactic  add  and  acetic  acid,  although  occosionallj  present, 
were  not  always  so.  He  also  showed  that,  in  addition  to  these  substances, 
a  part  of  the  sugar  was  converted  into  cellulose  and  &t. 

The  study  of  the  products  formed  during  fermentation  opened  the  way 
to  the  second  part  of  the  research,  viz.  the  cause  of  fermentation. 

It  had  been  found  that  certain  solutions,  when  exposed  to  the  air,  soon 
became  full  of  living  organisms;  and  Pasteur's  experiments  led  him  to 
support  the  view  that  these  organiams  originated  from  the  presence  d 
germs  floating  in  the  air.  He  found  that  no  living  oi^nianw  were  de- 
veloped if  core  were  taken  to  destroy  completely  all  those  which  might  bs 
present  in  the  solution,  and  if  the  solutions  were  then  carefully  sealed  up 
free  from  air.  Nor  was  it  necessary  to  exclude  the  air,  provided  that  pure 
air,  free  tma  germs,  were  admitted.  By  passing  the  air  through  red- 
hot  tabes  or  through  gun-cotton  before  reaching  the  solutionB,  he  found 
Uiat  the  development  of  organisms,  in  such  boiled  solutions,  did  not  tsko 
place.  An  exception  to  this  was  noticed  in  the  case  of  milk,  which  requind 
to  be  heated  to  a  higher  temperature  than  the  boiling-point  of  water  at 
atmospheric  pressure.  Pasteur  showed  that  this  was  connected  with  the 
k  alkaline  reaction  of  milk,  for  in  all  cases  in  which  the  development  of 
1  life  was  prevented  by  heating  to  the  boiling-point  of  water,  the  solutiow 
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htd  a  fiuotlj  acid  reaetion — but  that  when  this  was  neatralized  tfj  car- 
bonate of  lime,  the  solutioiu  then  behaved  like  milk. 

Prof.  Pasteur  also  examined  the  gun-cotton  through  which  the  air  has 
beat  passed ;  and  he  found,  among  other  things,  certain  cells  to  which  he 
attributed  ^e  power  of  causing  the  growth  of  organisms  in  solutions,  fij 
■owing  some  of  these  oeUe  in  solutions  which  previously  had  remained  clear, 
and  fin^g  that  such  solutions  speedily  became  turbid  from  the  growth  of 
living  organisms,  it  was  proved  that  the  air  which  had  passed  through 
the  gun-cotton  had  lost  its  property  of  causing  the  development  of  Ufe  in 
aolutions  because  the  germs  which  the  air  contained  had  been  stopped  by 

the  gOD-COttOD. 

Hie  result  of  the  second  part  of  the  research  may  be  thns  summed  up  : — 

1.  No  otgauisniB  are  developed  in  solutions  if  care  be  taken  to  prevent 
the  possibility  of  the  presence  of  germs. 

2.  This  negative  result  does  not  depend  upon  the  exclusion  of  oxygen. 

3.  The  matter  separated  from  ordinary  air  is  competent  to  develop 
(nganisms  in  solutions  which  previously  hod  remained  unchanged. 

Hot  less  important  were  the  results  of  Pasteur's  experiments  respectii^ 
tbe  ehemical  fnnctions  of  the  ferment. 

It  had  been  held  that  the  entire  ferment  was  in  a  state  of  putrefactive 
decompoaition,  and  induced  a  similar  decomposition  in  the  sugar  with 
whidi  it  was  in  contact. 

la  corroboratiou  of  this  view,  it  was  stated  that  ammonia  (a  product  of 
tlie  decomposition  of  albuminous  substances  such  as  those  present  in  the 
lennent)  is  always  found  in  Equids  which  arc  undergoing  fermentation. 

Paiteur  proved  that  the  ammonia  in  fermenting  liquids  diminishes  in 
quantity  in  proportion  as  the  process  advances,  and  that  the  yeast-cells 
increase  and  grow  while  forming  complex  albnminous  sabstances  at  the 
^pense  of  the  ammonia  and  other  aliments  which  are  supplied  to  it.  He 
finind  that,  in  addition  to  ammonia  and  sugar,  the  cells  require  mineral 
mbatancea,  such  as  phosphates  and  other  constituents,  such  as  are  present 
in  the  organism  of  every  healthy  and  growing  yeast-cell. 

In  short,  he  proved  that  those  conditions  which  are  most  favourable  to 
(he  healthy  growth  and  development  of  the  yeast-cells  are  most  conducive 
to  ttie  progress  of  fermentation,  and  that  fermentation  is  impeded  or 
Bireated  by  those  influences  which  check  the  growth  or  destroy  the  vitality 
ofthecelL 

The  above  results  are  but  samples  of  the  &aits  of  Pasteur's  long  series 
gf  researches  in  this  subject.  Uany  and  many  an  able  investigator  had 
waked  in  the  same  field;  and  such  were  the  difficulties  they  enoountered, 
that  Domas  himself  recommended  Pasteur  not  to  waste  bia  time  in  working 
at  ao  bopelees  a  subject. 

To  tlie  tndogist,  two  of  Pasteur's  researches  are  of  veiy  great  interest 
foA  importance.  He  has  shown  that  Fungi  find  all  the  mat«nalB  needed 
ftir  their  nutrition  and  growth  in  water  containing  an  ammomti  paU  ka^ 


The  Rumford  Medal  has  been  awarded  to  '^ 
F.R.S.,  "for  his  Spectroscopic  Researches  oi 
Chemical  Elements." 

Mr.  Lockyer  has  long;  been  engaged  in  spectrot 
sun.     His  first  obserrations  were  directed  to  a  sc 
of  sun-spots  as  compared  with  that  of  the  general 
bring  evidence  to  decide  between  two  rival  theoric 
mation.     In  the  course  of  the  paper  in  which  his  i 
described,  and  which  was  read  before  the  Royal 
15th,  1866,  he  asks,  "May  not  the  spectroscope 
the  existence  of  the  '  red  flames '  which  total  eclipse 
in  the  sun's  atmosphere,  although  they  escape  all  oi 
nation  at  other  times  ?" 

The  spectroscope  he  then  employed  proved  to  be  < 
sive  power  for  his  researches,  and  he  was  induced  to  i 
ment-Grant  Committee  of  the  Royal  Society  for  aid 
greater  power.  This  aid  was  accorded,  and  the  instn 
though  not  quite  complete,  on  the  16th  of  October,  '. 
hia  efforts  were  crowned  by  the  detection  of  a  solar  i 
of  the  bright  lines  exhibited  in  its  spectrum.  An  acc( 
was  immediately  communicated  to  the  Royal  Socief 
Academy  of  Sciences. 

Meanwhile  had  occurred  the  total  solar  eclipse  of 
to  observe  which  various  parties  had  gone  out  arm( 
•truments,  and  especially  with  spectroscopes,  for  deter 
of  the  hitherto  unknown  spectrum  of  the  nrnw'- — 
of  their  labours  ho^  —  -  ' 
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A  discoTety  like  thu  opened  up  a  new  field  of  reworcb,  Trhkh  Mr. 
Lockj-er  wu  not  backward  in  exploring.  One  of  the  first&uita  of  tlia 
applioation  of  the  method  was  the  diecovery  of  a  continaoua  luminoiu 
gueouB  envelope  to  the  aun,  which  he  calls  the  chromosphere,  of 
which  the  prominences  are  merely  local  aggr^ations.  Evidence  was 
further  obtained  of  gigantic  convulsions  at  the  surface  of  the  sun,  which 
were  revealed  by  slight  alterations  of  refrangibility  in  the  lines,  observed 
in  a  manner  dmilar  to  that  in  which  Ur.  Hoggins  hod  determined  the 
reUtive  velocity  of  approach  or  recess  of  the  Earth  and  Sirius. 

The  interpretation  of  spectroscopic  solar  phenomena  required  a  reexami- 
nation in  several  respects  of  the  spectroscopic  feataree  of  artificial  sourcea 
of  light  Among  these  researches  special  mention  must  be  made  of  Mr. 
Lockycc'B  ohusification  of  the  lines  due  to  the  metals  of  the  electrodes  be- 
tween which  an  induction  discharge  was  passed,  according  to  their  "length," 
*'.  4.  tlie  distance  &om  the  electrodes  to  which  they  could  respectively  be 
traoed.  This  led  to  the  explanation  of  various  apparent  anomalies  as  t» 
Hie  presence  or  obsenoe  of  certain  dark  lines  in  the  solar  spectrum,  and  to 
tbe  detection  of  additional  elements  in  the  sun,  especially  potaBsium,  aa 
element  which,  though  so  common  on  the  earth  and  so  easily  detected  by 
spectral  analysis,  had  not  previously  been  proved  to  exist  in  the  sun,  be- 
eanae  the  attention  of  obeerven  hod  been  turned  in  a  VTong  direction,  as 
was  shown  by  these  researches. 

'Sat  was  it  only  in  relation  to  solar  physics  that  these  researches  bora 
froit.  They  led  to  a  ^aantitalivt  determination  in  many  cases,  by  means 
of  the  spectroscope,  of  the  proportion  of  the  constituents  in  an  alloy,  and 
afforded  new  evidence  of  the  extent  to  which  impurities  are  present  even 
in  sabstances  deemed  chemically  pure. 

The  Medal  was  received  by  Mr.  Lockyer. 

A  Boyal  Medal  has  been  an-arded  to  Mr.  Henry' Clifton  Sorby,  F.B.S., 
"for  his  Besearcbes  on  Slaty  Cleavage  and  on  the  minute  Structure  of 
Minerals  and  Bocks;  for  the  construction  of  the  Micro-Spectroscope, 
•nd  for  hifl  Besearches  on  Colouring-matters." 

The  principal  grounds  on  which  Mr.  Sorby's  claims  to  a  Boyal  Medal 
test  ftre  the  following : — 

1.  His  long-continued  study,  and  his  successful  application  of  the 
BucroBcope  to  the  solution,  of  problems  in  petrology. 

2.  His  employment  of  the  prism  in  conjunction  with  the  microscope 
for  the  analysis  of  the  colours  transmitted  by  substences,  as  well  organic 


Though  Mr.  Sorby's  labours  during  the  last  ten  years  have  been  more 
puticnlarly  devoted  to  observations  of  the  latter  class,  his  work,  extend- 
ing over  a  period  that  commenced  in  1849,  isj«present«d  in  the  Catalogue 
of  Sdentiflc  Papers  (limited  by  the  year  1863}  by  no  less  th&ii  K\ 
mxmmn.    Among  the  more  renuu-kAbJe  of  these  must  be  meu^Vone^  V\m 


Anniversary  Meeting.                         [Nov.  8VH 

e  British  ABsociatiou  sod  the  contributions  to  the  Philo- 
niine  (1853,  185C,  1S57),  in  which  he  grappled  with  the 
t_v  cieai-ftge.  and  helped  to  pslabliah  the  explanation  that 

perpendicular  to  the  cleavage,  due  in  the  case  of  rocks  to 

B  on  the  temperaturea  and  pressures  at  which  certain  rocks 
were  formed  (in  the  GTeological  Society's  Journal,  1858), 
be  relative  volume  of  the  Uquid  and  vacuous  portions  of 
illows,  or„^pJn,  on  the  character  of  microscopic  subetimMS 
the  muieral  matter  he  investigated,  convinced  the  geologist 

tnperatures  in  explaining  the  formation  of  granitoid  rocks. 
nemeut  of  the  methods  that  Mr.  Sorby  employed  for  making 
<ns  at  Sheffield  has  made  those  methods  tlie  models  sought 
low  large  school  of  Continental  and  English  microscopic 

tions  of  Hpectroacopic  methods  to  the  microscope  fall  mora 
the  limit  of  ten  years,  as  they  have  been  worked  out  smcB 
r.  Morby  first  described  his  adjiptatiou  of  the  spectroscope 
ope,  as  carried  out  by  Mr.  Browning. 
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and  the  extent  and  Bovelty  of  the  observatious  which  they  contain,  but 
hj  nmaaa  of  the  breadth  of  view  and  the  philosophical  spirit  which  per- 
vade them. 

Hii  labours  in  Vegetable  Paleontology  are  above  all  remarkable, 
being  alike  laborious,  searching,  and  productive  of  important  results. 
Theee  are  embodied  in  six  contributions  (of  which  the  Inat  will  soon  ap- 
pear) to  the  Philosophical  Transactions  upon  the  organization  of  the  Fossil 
Plants  of  the  Coal-measures— and  one  on  the  restoration  of  a  Cycadeous  tree 
{Zamia  gigai)  from  tbe  Yorkshire  Oolite,  published  in  the  Transactions 
of  the  Linnean  Society.  These  are  not  only  models  of  laborious  research 
and  exact  description,  but  they  are  illustrated  by  more  than  fifty  plates, 
deroted  to  microscopic  analyses  of  vegetable  tissues,  obtained  by  making 
transparent  slices  of  the  fossils.  Both  the  slices  and  the  drawings  are 
mads  I^  Prof.  Williamson  himself,  who  thus,  to  bis  reputation  as  a 
hiologiat,  unites  those  cS.  an  accomplished  artist  and  a  skilful  lapidary, 
qualifications  which  should  be  named  along  with  tJiose  for  which 
tiie  medal  is  awarded,  because  no  unscientific  lapidary  could  have 
obtained  equally  illustrative  sections,  and  no  common  artist  could  have 
depicted  them  with  equal  exactitude.  The  more  important  results  thus 
obtained  refer  to  the  structure,  affimties,  and  reproductive  organs  of 
CalamiUt  and  its  aUies,  to  Lfpidodendron,  Sigillaria,  Ltpidoitrobut,  AtUro~ 
phyUiUi,  and  to  other  genera  of  the  Carboniferous  epoch. 

In  addition  to  these  contributions  to  the  history  of  previously  known 
genera  of  that  epoch.  Prof.  Williamson  has  been  able  to  show,  on  the  one 
hand,  that  groups  of  now  living  plants  which  were  not  previously  supposed 
to  have  a  great  geological  antiquity,  actually  flourished  during  the  Car- 
boniferouB  period,  and,  on  the  other,  that  plants  of  that  period  which  had 
been  previously  referred  with  confidence  to  groups  now  lining,  have  in 
reality  other  and  widely  different  affinities. 

The  Medal  was  received  by  Prof.  Williamson. 

Tbe  Statutes  relating  to  the  election  of  Council  and  Officere  havii^ 
been  read,  and  Mr.  A.  J.  EHis  and  Col.  Strange  having  been,  with  the 
consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
present  were  collected,  and  the  following  were  declared  duly  elected  aa 
Council  and  Officers  for  the  ensuing  year  :— 

PfMufent.— Joseph  Dalton  Hooker,  C.B.,  M.D.,  D.C.L.,  LL.D. 

TteamiJ^r. — William  Spottiswoode,  M.d.,  LLJ). 

„  .    _  f  Prof.  George  Gabriel  Stokes,  M.A.,  D.C.L.,  LL.D. 

'      I  Prof.  Thomas  Henry  Huxley,  LL.D.,  Ph.D. 
Foreign  SeenUtry. — Prof.  Aleiander  William  Williamson,  Ph.D. 
OOur  Mvmhtrt  of  Ihe   Couacil. — Prof.  J.  Couch  Adams,  LL.D.;  the 
Duke  of  Devonshire,  K.G.,  D.C.L. ;  Capt.  Frederick  J.  0.  E\aiw,  Y\.^,, 
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2.  Prof.  Roscoe,  for  Instruments  for  Aut< 
Chemical  Intensity  of  total  Daylight 

3.  Mr.  Schorlemmer,  for  Researches  on  thi 

4.  Mr.  Lockyer,  for  Spectroscopic  Research 

5.  Mr.  Schafer,  for  Investigation  of  Connec 

6.  Messrs.  Miller  and  Skertchley,  for  Reseai 

7.  Mr.  A.  H.  Gttrrod,  for  an  Investigation  o 
the  Pulse    

8.  Mr.  Crookes,  for  Researches  on  Attracti 
accompanying  Radiation  

9.  Dr.  Brunton,  for  Apparatus  and  Material 
Experimental  Investigation  of  the  Physiologies 
monia 

10.  Dr.  Klein,  for  expense  of  preparing  Platet 
*  The  Anatomy  of  the  Lymphatic  System ' 

11.  Dr.  Armstrong,  for  an  Investigation  of  t 
the  Derivatives  of  Phenol 

12.  Mr.  Whitehouse,  for  Researches  and  Exp 
f erence  to  a  new  Hygrometer 

13.  Oaptain  Nohle,  for  continuation  (jointly  wi 
Researches  on  Explosives 


Dr. 

£       8.    d. 
To  balance  on  hand, 

Nov.  30,1873. 
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Aooonnt  of  Grants  from  the  Donatioo  Fund  id  1873-74. 
Mr.  H.  Wfllett,  in  ud  of  tiie  Sub-Wealdea  Exploration 

Fund 50    0    0 

Dr.  Oupenter,  for  appvatua  to  demonstrate  hia  Theory  of 

Oceanic  Circulation 25    0    0 

Dr.  Ferrier,  for  continnation  of  his   Investigations   into 

the  Fnnctiona  of  the  Brain 5000 

Dr.  Dohrn,  for  the  use  of  the  Stniione  Zoologica  at  Naples    100    0    0 
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Report  of  the  Kew  Com-mittee  for  the  Year  ending 
October  31, 1874. 

Moffnetie  Work. — The  Magnetogr»ph  instniments  were  dismounted  in 
Jannaiy  1874  for  the  purpose  of  thorough  examination  and  readjust- 
nent,  aa  was  announced  in  last  Heport.  The  necessity  for  this  measure 
is  obvious,  when  it  is  remembered  that  the  instruments  had  been  in  unin- 
termitted  action  for  the  period  of  fifteen  years. 

The  scale-values  were  accordingly  redetermined,  and  the  inatnunents 
handed  over  to  Mr.  Adie  for  examination  and  repair.  They  were  returned 
and  remounted  in  May,  but  have  not  been  set  in  continuous  action  ae 
jet,  inasmuch  as  it  is  intended  that  the  automatic  records  should  be  sus- 
pended for  the  entire  year,  so  as  to  commence  a  new  series  of  obsen'a- 
tions  with  the  year  1875.  The  cost  of  these  operations  has  been 
^77  10.. 

The  monHily  observations  with  the  absolute  instruments  have  been 
contdnoed,  as  usual,  by  Mr.  G-.  M.  Whipple,  who  also  takes  charge  of  the 
genenl  magnetic  work,  in  which  he  has  had  the  assistance,  for  the  first 
port  of  the  year  of  Mr.  Cullum,  and  latterly  of  Mr.  Power. 

Aa  regards  the  Magnetic  Seductions,  the  Tabul^ons  of  Declination 
have  been  completed  up  to  the  end  of  1873 ;  and  copies  of  the  results 
to  1872  have  been  intrusted,  for  discussion,  to  the  two  Sei^jeante  of  the 
Boyal  Artillery,  formerly  in  Sir  £.  Sabine's  office  at  Woolwich,  who  have 
berai  in  constant  attendance  at  Kew  since  Nov.  1871.  The  Tabulations 
(rf  Inclination  and  Horizontal  Force  have  not  been  effected. 

Magnetic  data  have  been  supplied  to  Dr.  Wijkander,  of  Stockholm,  in 
connexion  with  the  Swedish  Expedition  to  Spitsbergen,  M.  Diamilla 
Hiilla-,  of  Florence,  and  Capt.  Creak,  B.N. 

A  Tlnifilar  and  Dip-circle  have  been  repaired  for  use  at  the  Observa- 
tory, and  another  pair  of  similar  instruments  have  been  lent  to  the  Bev. 
8.  J.  Perry,  F.E.8.,  f or  use  at  Kerguelen  Island,  on  the  Transit  of  Venns 
Expedition,  as  mentioned  in  last  Report. 

TOL.  xxni.  u 
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Meteonlogital  Work. — The  soTenl  autimiatac  vnutgemmta  for  neod- 
ing  respectively  the  Barometer,  the  Dry-  and  WetrBnlb  ThenaoDutoi, 
the  Anemometor,  and  the  Bain-gaoge,  hare  been  maintained  in  conitant 
action  under  the  superintendence  of  Mr.  T.  W.  Baker,  aamited  hj  lb. 
Foster  and  Mr.  Figg ;  and  the  daily  standard  eye-olyemtioaB  for  oootnd 
of  the  photognphic  records  hare  been  made  regnlarly. 

The  instrumental  traces  with  hourly  tabulated  Yaloes  are  sect  mcnUiIy 
to  the  Meteorological  Office  as  in  former  yean.  The  Barograou  and 
Thermograms  are  obtained  in  duplicate,  and  one  copy  is  preaerred  at  Eev. 
As  regards  the  Anemogr&ms  and  Hyetograms,  the  copy  ia  obtained  bf 
the  method  of  tracing. 

lu  addition  to  the  regular  work  of  Kew  as  one  of  the  self-recording 
Observatories  in  connexion  with  the  Meteorolt^cal  Office,  the  duty  of 
examining  and  checking  the  work  of  all  the  seren  ObsemtOTies  of  tlie 
some  character  has  been  carried  on,  in  acccodance  with  the  method  de- 
scribed in  the  Beport  of  the  British  Association  for  1869,  This  portion 
of  the  work  has  been  performed  by  Messrs.  Cullum,  Hawkeawortli,  and 
Deane. 

A  series  of  investigations  hare  be^a  conducted  with  the  view  <A  testing 
the  degree  of  accuracy  attainable  in  the  tabulation  of  the  Thermograms 
by  the  process  described  in  the  British-Association  Beptnt  just  referred 
to.  It  has  been  found  to  be  an  improvement  to  set  the  glass  tabulating- 
Bcole  by  means  of  fiducial  lines  traced  on  the  Thermograms  by  photo- 
graphic means,  in  preference  to  setting  it,  as  heretofore,  by  standard 
readings.  The  great  advantage  derived  from  the  new  method  is  the  dis- 
covery of  "  bt^;ging  "  whenever  it  exists  in  the  curves, 

EUetromeUr. — The  Self-recording  Electrometer,  which  had  been  taken 
to  Glasgow  for  alteration,  as  described  in  last  Beport,  was  returned  by' 
Mr.  White  in  February,  and  was  adjusted  for  action  on  March  10.  It 
baa  since  continued  in  satisfactory  working  order. 

Photolielioi/raph. — A  necessity  for  reexamining  the  measurements  of  the 
series  of  Kew  sun-pictures  hav'ing  arisen,  they  have  been  retzansfarred  to 
Kew  by  Mr.  De  La  B.ne,  and  their  reexamination  has  been  undertaken, 
at  his  expense,  by  Mr.  Whipple,  assisted  by  Mr.  M'I«ughlin,  who  haa 
been  temporarily  engaged  for  this  purpose. 

The  eye-observations  of  the  sun,  after  the  method  of  H<^rath  Schwabe, 
have  been  made  doily  by  Mr.  Foster,  when  possible,  as  described  in  Ihe 
Beport  for  1S72,  in  order,  for  the  present,  to  maintwn  ^le  contintiity  of 
the  Kew  record  of  sun-spots. 

Extra  Obiervationi. — The  Committee,  at  the  request  of  Prof,  Boscoe, 
F.E.S.,  undertook  to  test  for  a  year  an  instrument  which  he  had  devised 
for  measuring  the  chemical  intensity  of  daylight,  as  described  in  the  '  Pro- 
ceedings of  the  Roj-al  Society,'  vol.  xxii.  p.  158.  The  appamtue  was 
ioinpletwl  for  trial  in  September,  but  a  ffw  preliminary  experiments 
rilion'cd  tliat  it  retjuirtKl  further  adjustuieiit;  so  that  operations  in  thia 
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direction  an  nupesded  for  the  present,  to  be  reiumed  as  soon  as  the 
inabmaent  ia  in  a  utiafoctory  condition. 

The  dailj  record  of  temperatore  from  Thermometers  at  different  eleva- 
tions on  the  Pagoda  in  the  Boyal  Gardens,  Kew,  at  the  expense  of  the 
Heteorologioal  Committee,  was  continued  up  to  August,  when  it  was 
interrupted,  to  be  resumed  during  the  winter  mouths. 

VtryUatumt, — This  department  of  the  Observatory  has  exliibited 
inoeaaed  actiyitj,  eapedallf  as  regards  the  ^-erifiratios  of  Thermometers 
and  tiie  construction  of  Standard  Thermometers. 

The  following  magnetic  instromentB  have  been  verified : — 

Constanta  have  been  determined  for 

A  Unifilar  for  Prof.  J.  Clerk  Maxwell,  F.B.S. 
„   Prof.  Balfour  Stewart,  F.E.S. 
„   Eev.  8.  J.  Perry,  F.E.8. 
„    Mr.  P.  Adie. 
A  Magnet    „   Lisbon  Observatory. 

,,  „   Prof.  Buys  Ballot,  Utrecht. 

„  „   Prof.  8immow,  Kaasn. 

8  Magnets  „  Kew-Observatory  stock. 

The  following  instruments  have  been  verified : — 

2  Dip-circles  for  Mr.  Cosella. 

1  Dip-drcle      „  Prof.  Wild,  St.  Petersburg. 

1  „  „   The  Imperial  Admiralty,  Berlin. 

2  Fox's  Circles.,, 

2  Needle*         „   Prof.  Smimow. 

S      „  „  Dr.  G.  ran  Bijckevorsel. 

1       „  „  H.M.S. '  Challenger.' 

3  Aaimutb  Compassed  for  the  Boyal  Geographical  Society. 

The  oomplet«  set  of  Magnetc^raphs  for  the  Bev.  A.  M.  Colombel, 
B.J.tat  SS-ka-wei,  near  Shan^ai,  hxve  been  verified  and  fom-arded  to 
their  destanatim), 

A  est  of  aimilar  instruments  has  been  ordered  by  Capt.  Pujaion  for 
the  Marine  Observatory  of  San  Fernando,  near  Cadis. 

The  part  of  this  work  which  relates  to  Meteorology  is  entrusted  to 
Ki.  Baker.  The  meteorological  instrumenta  which  hare  been  verified 
ttie  Al  followi : — 

Barometers,  Standards 110 

„  Marine  and  Station 40 

150 
Aneroids    10 
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Thmuometen,  ordinary  Meteorological 1471 

„  Boiling-point  Sfaudards £2 

„  Mountain 32 

Clinical 1SS6 

2780 

In  addition,  thirty -lix  ThermometerB  have  been  tested  at  the  Ereesn^ 
point  of  mercury,  and  one  metallic  Thermometer  has  been  teetod. 

Eighteen  Kew  Stimdord  Thermometera  hare  been  calihmted  and  di- 
vided at  Kew. 

The  following  miBcellaneouB  instnimenta  have  alao  been  reiified : — 

Bain-gauges IS 

Kobinson's  Dial  Anemometera  14 

Telescope 1 

Sextant     1 

Theodolite    1 

Hydrometers  66 

A  Barograph  and  Thermi^;raph  have  been  verified  for  Mr.  Kingston 
for  the  Obsijrvatory  at  Toronto,  and  the  values  of  the  Scales  have  been 
determined  aa  far  as  practicable, 

Eiperlmente  have  been  made  n-ith  a  view  to  the  oonstmction  of  an 
apparatus  devised  by  Mr.  F.  Qolton,  F.E.S.,  for  facilitating  the  verifica- 
tion of  thermometers,  aud  also  for  rendering  it  possible  to  extend  the 
range  to  which  the  Kew  veriHcatiouB  at  present  apply. 

A  large  stock  of  filled  Thermometer-tubes  for  the  construction  of 
Standards  baa  been  lud  in,  and  the  tubes  have  been  annealed. 

In  tho  lost  Iteport  mention  was  mode  of  certain  experimentfl  in  pro- 
gresa  with  respect  to  the  testing  of  Anemometers,  a  piece  of  ground 
having  been  rented  in  the  Park  for  creotiug  the  instruments. 

The  experience  of  a  few  months  was  sufficient  to  show  that  the  ex- 
posure in  tho  Park  was  not  nearly  sufficiently  open  to  afford  facilitiee  for 
testing  the  instruments  at  any  but  very  low  velocities,  and  not  very 
satisfactorily  even  in  such  cases.  Application  was  therefore  made  to  the 
Secretary  of  the  Crystal  Palace  Company  for  permission  to  employ  a 
rotary  machine  driven  by  steam-power,  so  as  to  be  able  to  vary  the  velo- 
cities at  pleasure. 

Consent  having  been  most  freely  given,  the  experiments  were  com- 
menced, aud  the  instruments  tested  at  various  velocities  up  to  about 
30  miles  an  hour,  the  highest  attainable  by  the  apparatus.  The  investi- 
gatious  were  interrupted  during  the  summer,  and  will  be  resumed  on  a 
future  occasion.  It  is  hoped  that  by  this  method  of  artificial  rotation,  which 
was  that  employed  by  Smeaton  in  his  experiments  on  windmill  sails, 
more  satisfactory  results  will  be  attained  than  it  is  otherwise  possible  to 
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get.  The  rapenw  of  these  experimeate  hfts  been  defrayed  by  a  rote  of 
the  Goremment-G-Tant  Fund. 

The  experiments  on  the  vibration  of  pendulums,  which  were  conducted 
by  Capt.  Heaviside,  B.E.,  in  connexion  with  ^e  Great  Trigonometrical 
Sorvey  of  India,  as  mentioned  in  the  last  fiejlort,  were  completed  at  the 
end  of  May.  The  apparatus  employed  in  the  experiments,  with  the  ex- 
ception of  the  Bussian  pendulums  and  their  accessories,  was,  at  the  re- 
qneot  of  Prof.  G-.  G-.  Stokes,  F.B.S.,  received  at  Kew  for  storage. 

The  apparatus  for  testing  Sextants,  which  had  been  t«mpDrari]y  re- 
moved in  1873  to  afford  space  for  swinging  the  Bussian  pendulums,  has 
DOW  beoi  restored.  The  entire  cost  of  this  restoration  and  all  other 
expenses  connect«d  with  these  pendulum  experiments  have  been  defrayed 
by  the  India  Office. 

The  collimators  of  the  Sextant  Testing-apparatus  have  been  arranged 
BO  as  to  be  illuminated  by  gas-jets. 

Waxed  paper  i(a  photographic  purposes  hoe  been  supplied  to  the 
Meteorological  Office  (3  reams),  the  India  Office  (1  ream),  the  Magnetic 
Observatory,  Toronto  (4  reams),  the  Central  Observatory,  St.  Peters- 
burg (1  ream),  the  Hohe  Warte,  Vienna  (J  ream),  the  Observatory  of 
Don  Luiz,  lisbon  (^  ream). 

It  has  been  found  necessary  to  make  a  change  in  the  arrangements 
for  obtuning  waxed  paper.  For  many  years,  through  the  kindness  of  a 
firm,  the  paper  waxed  at  Kew  has  been  hot-pressed  at  a  nominal  charge, 
but  it  was  not  found  possible  to  continue  this  arrangement  for  an  inde- 
finite period.  Waxed  paper  has  now  to  be  purchased,  ready-made,  at  a 
considerable  increase  of  cost,  and  the  rate  at  which  it  is  supplied  to 
observatones  has  been  consequently  proportionately  increased. 

Mr.  M'Clatchie  and  Mr.  Beoceley,  gentlemen  holding  appointments 
in  the  Chinese  Customs  Departments,  and  Mr.  Steventon,  appointed 
Aasistant  to  the  Observatory  at  Mauritius,  have  received  instruction  in 
the  manipulation  and  methods  of  testing  both  Meteorological  and  Mag- 
netical  instruments,  and  the  management  of  the  photography  of  the  self- 
leoKiling  ^paratus. 

In  the  month  of  September  the  Superintendent  was  informed  by  the 
President  of  the  Boyal  Society  that  that  body  was  prepared  to  remove 
the  instruments  belongLng  to  it,  which  bad  been  deposited  at  Kew  for 
■t<wage  in  Sept.  1851.  Accordingly,  on  the  26th  of  September,  tbey 
wen  handed  over  to  Mr.  Ladd,  Optician,  who  had  been  commissioned 
by  &e  Council  to  receive  them. 

The  several  pieces  of  Mechanical  Apparatus,  such  as  the  Whitworih 
Lsthe  and  Planing  Machine,  procured  by  Grants  from  either  the  Govem- 
ment-Gisnt  Fund  or  the  Donation-Fund,  for  the  use  of  the  Kew 
Oboervatory,  have  been  kept  in  thorough  order ;  and  many  of  them  are 
in  constant  and  the  others  in  occasional  use  at  the  Observatory. 

Library. — ^In  addition  to  the  usual  Donations  of  English  and  Foreign 


-J  xur.  iugby,  whose  m 

1873,  resigned,  and  Mr.  Power  was  app 
by  the  promotion  of  some  of  the  Junior  i 

Mr.  Eobert  H.  Scott,  F.E.S.,  continue 
to  the  Committee. 

Vititiors, — ^The  Observatory  has  been  h' 
preeence  of  several  scientific  men  of  disti 
mentioned : — 


M.  A.  d'Abbadie. 

Mr.  J.  Allan  Broun,  F.B.S. 

Mr.  H.  F.  Blanford. 

M.  Mari^  Davy. 

Prof.  Buys  Ballot. 

M.  W.  de  Fonvielle. 

M.  W.  H.  V.  Freeden. 

Capt.  HofEmeyer. 

M.  Le  Terrier. 

Dr.  E.  J.  Mann,  F.E.A.S. 

M.  H.  Mohn. 
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vjeneva  : — Institut  National  Genevois.     BuL 

Geneve  1873. 
Graz : — Naturwissenschaftlicher  Verein  f  iirSte 

Jahrgang  1873.  8vo. 
Hermannstadt : — Siebenbiirgischer  Verein  fii 

YerhandluDgeu  und  MittheQungen.     Jal 

8vo.  1873-74. 
Innsbruck  : — Ferdinandeum  fiir  Tirol  und  T 

Dritte  Folge.  Heft  18.  8vo.  1874. 
London: — British  Association.    Beport  of  th( 

held  at  Bradford  in  September  1873.  8yo. 

Clinical  Society.     Transactions.    Vol.  Vil.   i 

Institution  of  Civil  Engineers.  Minutes  < 
XXXVn.,  XXXVm.  8vo.  1874. 

Linnean  Society.  Transactions.  Vol.  XXX.  ] 
Journal.  Zoology.  Vol.  XTT.  No.  68.  Botan, 
77.  8vo.  1874.  Proceedings  of  the  Session  1 
tions  to  the  Library.  1873-74.  8vo.    list  c 

Pathological  Society.    Transactions.  Vol.  XX' 

Boyal  Geographical  Society.     Journal.    Vol. 

Proceedings.  Vol.  XVLLI.  No.  3-6.  8to.  \i 
Boyal  Medical  and  Chirurgical  Society.    Medi< 

actions.  Vol.  LVll.  8vo.  1874.     Proceedin 

Byo.  1874.      A^l^-^--    ' 
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Trsiuactioiu  (continued), 

Prague : — Konigl.  Bohmiache  Gesellechoft  dvr  Wiaaenscliaften.  Ab- 
haiidlungen  vom  Jahre  1873.  Folge  6.  Band  VI.  4to.  Pragl874. 
SitEungsberichte.  J^rgang  1872.  Julj-Secember  1873.  8vo. 

The  Society. 

Torio: — E.  Accademia  delle  Scienze.    Atti.   Vol.  IX.    8vo.    Toriito 

187a-74.  The  Academy. 

Tienna : — Geographiscfae  GeseUschaft.    Mittheilungen.    Band  XVI. 

8to.  Wim  1874.  The  Society. 


Observations,  Beports,  Sk. 

BotIIu  : — Stemwarte.  Berliner  AstronomiHches  Jahrbuch  fur  1876, 
herausgegeben  vod  W.  FoerBt«F.  8vo.  1874.  The  Observatory. 
Iiondon . — British  Mueeum.  Catidogue  of  the  Acdpitres,  or  Ciuraal 
Birds  of  Prey,  by  E.  B.  Sborpe.  8yo.  1 874.  Hand-List  o£  Seals, 
Morses',  Sea-Lions,  and  Sea-Bears,  by  Dr.  J.E.Gray.  8va.  1874. 
Catalt^e  of  Boman  Medallions,  by  Herbert  A.  Grueber.  4to. 

1874.  Guide  to  the  Exhibition  Booms.  8vo.  1874.    Guidetothc 
^yptian  Galleries.  12mo.  1874.  Tho  Museum. 

MeteoroI<^cal  Office.  Daily  Weather  Beports.  Ist  July  to  Slst 
December,  1873.  folio.  Quarterly  Weather  Eeport,  1873. 
Part  2,  4t6.  1874.  Eeport  of  the  Meteorological  Committee  of 
the  Eoyal  Society  for  the  year  endmg  31st  Dec.,  1873.  8vo,  1874. 
Beport  on  Weatber-Telegraphy  and  Storm- Waxn in gs,  presented 
to  the  Meteorological  Congress  at  Vienna.  8vo.  1874.  Kemorks 
to  accompany  Monthly  Charta  of  Meteorolt^cal  Data  for  Square  3. 
4to.  1874.    Charts,  folio.  The  Office. 

Moscow : — rObsenatoire.    Annales.  Vol.  I.  4to.  Moseou  1874. 

The  Observatory. 

Oxford : — Eadcliffo  ObBervatory.  Eesults  of  Astronomical  and  Me- 
teorological Obsenations  made  in  the  year  1871,  under  the 
superintendence  of  the  Eer.  E.  Main.   8yo.    1874. 

The  Eadcliffe  Trustees. 

Sso  Fernando : — Observatorio  do  Marina.     Almanaque  Kautico  para 

1875.  8to.  Sareelona  1874.  The  Obsenatory. 
Trenuidmin : — ObserrationB  of  Magnetic  Declination  made  at  Trevan- 

drum  and  Agustia  Maltey,  in  the  Observatories  of  the  Maharajah 
at  Trarancore,  G.C,8.I.,  1852-69,  discussed  and  edited  by  J.  A. 
Broun,  F.E.S.  Vol.  I.  4to.  London  1874.  Beports  on  the  Obee>^ 
Tatoriee,  Public  Museum,  Public  Park,  and  Gardens  of  the  Maha- 
rajah of  Travancore,  by  J.  A.  Broun.  4to.  1874,  The  Maharajah. 
TJtredit: — ^KoninUijk  Nederlandsch  Meteorologisch  lustitnut.  Ko- 
derlandach  Meteorologisch  Jaarboek  voor  1872,  Deel  1 ;  1873, 
Deel  1.  4to.  1872-73.  The  Institute. 
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Cahours  (Auguste)    Traite  de  Chimie  g4n£nle  &6meataiie.  Chimie  Oi^ 

ganiqne.  Tome  II.  l^o.  Fiirisl87i.  The  Antiior. 

Chsppell  (W.)     The  Histoiy  of  Music  (Art  and  Saence).  Vol.  L  London 

1874.  Large  paper.  The  Author. 

Crookes  (W.),  F.E.8.     A  Practical  Handbook  of  Dyeing  and  Oftlico- 

Printing.  8vo.  London  1874.     A  Manual  of  Practical  AsMjing,  by 

J.  MitebeU,  edited  by  W.  Crookes.  8to.  1873.  The  Author. 

Elliot  (Sir  H.  M.)    lIi«tory  of  India,  ae  told  by  its  own  faiatorians.  The 

MuhammadaD  Period,  edited  by  John  Doweon.  5  vols.  8to.  London 

1867-73.  Lady  Elliot. 

Fliickiger  (F.  A.)  and  D.  Hanbury,  F.B.8.     Phannacographia :  a  Histotj 

of  the  Principal  Drugs  of  Vegetable  Origin  met  with  in  Great  Britain 

and  British  India.  8vo.  London  1874.  The  Authors. 

Grove  (Sir  W.  E.),  F.E.S.    The  Correlation  of  Physical  Forces.  Sixth 

Edition,  with  other  Contributions  to  Science.  8to.  London  1874. 

The  Author. 
Haeckel  (Ernst)    Anthropogenie.    Eutvickelungsgeschichte  des  Men> 

schen.  8ro.  Leipzu/ iS74.  The  Aathor. 

Hiem  (W.  P.)      A  Monograph  of  Ebenaeta;.  4to.  Oamhridgt  1873. 

The  Author. 
Johnson  (Kev.  S.  J.)     Eclipses,  past  and  future,  with  general  hints  for 

obsening  the  Heavens,  limo.  Oj;/br<i  1874,  The  Author. 

Lee  (J.  E.)     Boinati  Imperial  Profiles,  being  a  series  of  more  than  One 

Hundred  and  Sixty  Lithographic  Profiles  enlaiged  from  C<^De.  8vo. 

London  1874.  The  Author. 

Lloyd  (Bev.  Dr.  H.),  F.B.S.     A  Treatise  on  Magnetism,  General  and 

Terrestrial.  8vo.  London  1874.  The  Author. 

Meunier  (Stanislas)     Couth  de  Geologie  Compart,  profess^  au  Museum 

d'Histoire  Katurelle.  8vo.  Paris  1874.  The  Author. 

Sharp  (Dr.  W.),  F.B.S.     Essays  on  Medicine,  being  an  Investigation  of 

Homoiopathy  and  other  Medical  Systems.  8to.  London  1874. 

The  Author. 
Spottiswoode  (W.),  Treas.  B.S.     Polarization  of  Light.  ]2mo.  London 

1874.  The  Author. 


A'ovetnher  26,  1874. 
Transactions. 

Bern  : — Naturforschende  Gesellschaft.    Mittheilungen,  aus  dem  Jahr* 

1873.  Nr.  813-827.  8vo.  1874.  The  Society. 

Bremen: — Katurn-issenscbnftJicherVorein.   Abhandlungen.  Band  III, 

^Hoft4;  Band  IV.  Ueft  1.  8vo.  1873-74.     BeilagoNo.  3zuden 
Abhandlungen.  4to.  1873.  The  Institution. 

Brussels  : — Acadenjie  Hoyale  des  Sciences,  des  Lettres  et  des  Beaux- 
Arts.     Mcmdres.  Tome  XL.  4to.  BrvxelUt  1873.     M^tnre* 
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Trsiusctioiia  (cortmued), 

CoDTDiines  et  M^motres  des  Savanta  Strangers.  Tome  XXXVll. 
4to.  1873.   Mdmoirea Couroniiee.  Collection ia-8vo.  TomeXXIII. 

1873.  Bulletin,  42"  mn4e.  No.  11  ;  43*  ann(!e.  No.  5-8.  8vo. 
1873-74.  Annuaire,  40'  ann^.  12tno.  1874,  Biographie  Xa- 
tionale.  Tome  IV.  Partie  2.  8vo.  1873.  Annalea  de  rObBerro- 
toire  Boyal.  Tome  XX  IT.  4to.  1873.  Annales  M^tcorologiquts. 
Aim4e  1872.  ff.  9-13 ;  Annve  1873.  ff.  8-13.  4to.  Annuaire, 
41'  ann^,  1874.  I2mo.  1873.  Observatjons  dea  Ph^nomineH 
F^riodiques  pendant  Tann^e  1872.  4to.  Congria  International 
de  Statistique,  Sessions  1S53-1S72,  par  A.  Quetelet.  4to.  1873. 

The  Academy. 

Academie  Boyale  de  M^eane.    Memoirea  des  Concours  et  des 

Savants  Strangers.    Tome  Vm.   fosc.  1.    4to.    Bnu:eUt*  1874. 

Memoirefl  Couronn^s.  Collection  in-Svo.   Tome  II.  faso.  3.  8vo. 

1874.  Bulletin.  Annc-e  1874.  3*  serie.  Tome  VUI.  No.  6-8. 
8to.  The  Academy. 

Catania: — Accademia  Gioenia  di  Scienze  Naturali.      Atti.    Serie  ',i. 

Tomo  VII.,  VIII.  4to.  1872-73.    Carta  Geologica  della  Citti  di 

Catania,  folio.  *  The  Academy. 

Cherbourg : — Soci^t4  Nationale  des  Sdences  NaturelleB.    Memoires. 

Tome  XVUI.  8yo.  1874.  The  Society. 

ZHjoD : — Acad^mJe  des  Sciences,  Arts,  et  Belles-Lettres.    MtSmoires. 

S"  Sdrie.  Tome  I.  8yo.  1873.  The  Academy. 

Freiburg  im  Breisgau  : — Naturforschende  Gesellschaft.     Bericht  uber 
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December  10,  1874. 
JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Preodent  uinoimced  that  he  had  appointed  as  Vice-Fresidfint^ ; 

The  Treasurer. 
The  Duke  of  Devonshire. 
Mr.  John  £>vaiiB. 
Bight  Hon.  Lyon  Playfair. 
Dr.  Sanderson. 
The  PreBentB  received  were  laid  on  the  table,  and  thanks  ordered  for 
Uiem. 

The  following  Papers  were  read : — 

I.  "  On  the  Derelopment  of  the  Teeth  of  the  Newt,  the  Frog, 
aii4  certain  Lizards."  By  Cuarleb  S,  Toues,  M.A.  Com- 
municated by  John  Tomes,  P.R.S.  Received  July  23,  1874. 
(Abstract.) 

That  the  "  papillary  stage  "  of  tooth-development  could  not  be  stud 
to  at  any  time  exist  either  in  the  frog  or  in  certain  fish,  was  pointed  out 
nearly  twenty  years  ago  by  Professor  Huxley,  who,  however,  accepted, 
on  tlu  authority  of  Goodsir,  the  Iatt«r's  theory  of  the  process  as  true  of 
Minand  TWitTnnmlin,  In  more  recent  years  Kolliker  and  Wul Jeyer  have 
taued  out  the  course  of  the  development  of  teeth  with  great  accuracy 
in  Man  and  scone  other  Mammalia,  with  the  result  of  showing  that  the 
uanally  accepted  views  propounded  by  Goodsir  and  Arnold  are  not  by 
any  means  an  accurate  representation  of  what  takes  place  in  them. 

Since  the  date  of  the  publication  of  Professor  Huxley's  paper,  I  am 
not  aware  that  any  thing  has  been  published  bearing  upon  the  devdop- 
meat  of  the  teeth  of  Beptilia  and  Batrachia,  save  a  paper  by  Dr.  Lionel 
Beale  upon  the  development  of  the  teeth  of  the  Kewt,  and  a  short  and 
inooacIusiTe  paper  by  Santi  Sirena;  with  the  exception  of  the  papers 
all'T^^^  to,  the  subject  may  be  taken  to  stand  in  the  position  which  it 
oocDpied  at  the  time  of  the  publication  of  Professor  Owen's  '  Odonto- 
gmphy,'  in  which  we  are  told  that  the  teeth-germs  of  Reptiles  and 
BatratJiia  never  stop  at  the  papillary  stage,  but  that  the  primitive  dental 
papilla  sinks  into  the  substance  of  the  gum  and  becomes  inclosed  by  a 
capsule. 

The  principal  fiicts  which  my  observations  enable  me  to  state  are : — 

That  tJiere  b  no  such  thing  as  a  "  dental  groove  "  or  "  dental  fissure  " 
in  the  Batrachia  and  Sauria,  but  that  the  whole  process  takes  place 
benea^  an  unbroken  surface  of  epithelium. 

TOL.  xxm.  I 
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That  there  is  no  Buch  thing  as  a  stage  of  "  free  papillie,'  and  ooiue- 
qnently  no  einking  of  papiUffi  into  the  gum  and  subsequent  encapoD- 
lation  of  the  some. 

Instead  of  being  formed  in  a  "  dental  groore  "  the  teeth  are  dereloped 
in  a  region  which  may  be  termed  the  area  of  tooth-development,  Tazying 
in  form  and  extent  in  different  Beptilia,  but  agreeing  in  all  in  poasoaiing 
the  following  characters  :— 

It  is  bounded  on  the  one  side  by  the  teeth  in  place  and  tlie  paispet  of 
bone  which  carries  them,  and  on  the  other,  or  inner,  ride  by  an  exoeed- 
iugly  sharply  defined  boundary,  consisting  of  dense  connectire  tisBue. 
At  the  surface,  near  where  the  functional  tooth  projects  abore  the  nal 
epithelium,  it  is  narrow,  but  it  expands  as  it  passes  more  deeply  below  tlie 
surface.  Within  this  area  are  developing  tooth-saca  of  different  ages,  tlu 
interspaces  being  occupied  with  a  loose  areolar  tissue,  differing  in 
appearance  from  that  which  is  seen  outaide  the  area,  and  appearing  to  be 
derived  from  portions  of  older  tooth-sacs,  which  hare  not  been  entirely 
used  up  iu  the  formation  of  the  teeth. 

The  individual  tooth-sacs  are  formed  thus  :  an  inflection  of  the  oella  of 
the  oral  epithelium,  in  section  like  a  tubular  gland,  passes  do\Ai  along 
the  inner  side  of  the  area  above  defined,  until  it  reaches  nearly  to  tihe 
level  of  the  floor  of  the  area.  The  depth  to  which  it  penetratea  is  con- 
siderable in  many  forms,  e.  g.  in  the  Lizards,  in  which,  therefore,  this 
double  layer  of  epithelial  cells  appears  a  mere  line. 

At  the  bottom  of  this  inflection  of  epithelial  cells  the  adjacent  tisane 
assumes  the  form  of  a  small  eminence  (without  at  first  any  visiUe  struc- 
tural alteration),  while  the  epithelial  process  takes  the  shape  of  a  bell- 
like cap  over  the  eminence. 

This  epithelial  inflection  then  goes  to  form  the  enamel-otgan ;  the 
eminence  becomes  the  dentine-organ. 

Thus  the  enamel-germ  Is  the  first  thing  recognizable,  and  the  preaence 
of  this  ingrovrth  of  epithelial  cells  seems  to  determine  the  fonnata<m  of 
a  dentdne-organ  at  that  particular  spot  which  lies  beneath  its  termi- 
nation. 

The  enamel-organs,  after  they  are  fully  formed,  retain  a  connexion 
with  epithelial  cells,  external  to  the  ovoid  or  spherical  tooth-sacs,  at  their 
summits ;  and  the  enamel-organs  of  successive  teeth  appear  to  be  derived 
from  the  necks  of  those  of  their  predecessors  rather  than  from  fresh 
inflections  from  the  surface  of  the  oral  epithelium,  though  I  am  not  mre 
that  this  is,  in  all  instances,  the  case. 

The  tooth-sac  of  the  newt  is  entirely  cellular,  and  has  no  special  in- 
vestment or  capsule ;  under  pressure  it  breaks  up  and  nothing  but  celli 
remain,  as  was  noted  by  Dr.  Lionel  Beale. 

That  of  the  frog  has  on  investment,  derived  in  the  main  from  what 
L  may  be  called  the  accidental  condensation  of  the  surrounding  connectdve 
\  tiaaue,  whidi  is  pushed  out  of  the  way  as  it  grows ;  while  in  die  lisaid 
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tiw  baae  of  the  dentioe^nn  fiuniaheB  lateral  proloDgatiooa,  just  aa  baa 
been  obeerred  to  be  (he  case  in  man. 

The  dentinfr-organs  coaform  closely  with  thoee  of  mammala ;  the 
odontoblast  layer  is  very  distinct,  and  the  procesBcs  posBiiig  from  these 
eella  into  the  dentine-tubes  are  often  visible. 

^te  enamel-oi^ans  consist  only  of  the  outer  and  inner  epithelia,  with- 
out any  stellate  intonnediate  tissue ;  as,  in  some  instances,  enamel  is 
eertainly  formed,  the  existence  of  the  stellate  tissue  is  obviously  non- 
eaaential.  When  n  tooth  is  moving  to  displace  its  predecessor,  its  sac 
to«Teb  with  it,  remaining  intact  until  the  actual  attachment  of  the  tooth 
to  the  bone  by  ankylosis. 


II.    "  On    the    Structure    and    Development    of   the  Teeth  of 
Ophidia."     By  Chau.es  T.  Tohbs,  M.A.     Communicated  by 
John  Tokes,  F.B.S.     Received  October  5,  1874. 
(Abstract.) 

Contrary  to  the  opinion  ezprassed  by  Professor  Owen  and  endorsed 
by  Qiebel  and  all  subsequent  writera,  the  author  finds  that  there  ia  no 
OMuentum  upon  the  teeth  of  snakes,  the  tissue  which  has  been  so  named 
proving,  both  from  a  study  of  its  physical  characters  and,  yet  more  con- 
closiTely,  from  its  development,  to  be  enamel.  The  generalization  that 
the  teeth  of  all  reptiles  consist  of  dentine  and  cement,  to  which  is  occa- 
iionaUy  added  enamel,  must  hence  be  abandoned. 

Without  as  yet  pledging  himself  to  the  following  opinion,  the  author 
believes  that  in  the  class  of  Beptilea  the  presence  of  cementnm  will  be 
found  associated  with  the  implantation  of  the  teeth  in  more  or  less  com- 
plete sockets,  as  in  the  Crocodiles  and  Ichthyosaurs. 

The  tooth-^rms  of  Ophidia  consist  of  a  conical  dentine-germi  resem- 
bling in  all  save  its  shape  that  of  other  animals,  of  an  enamel-organ, 
and  of  a  feebly  expressed  capsule,  derived  mainly  from  the  condensation 
of  the  surrounding  c<mnective  tassue. 

The  enamel-organ  consists  only  of  a  layer  of  enamel-^ells,  forming  a 
very  regular  columnar  epithelium,  and  of  a  few  compressed  cells  external 
to  this,  hu^y  amounting  to  a  distinct  layer ;  the  enamel-organ  is  coex- 
tensive vrith  the  dentine-germ.  There  is  no  stellate  reticulum  separating 
tiie  outer  and  inner  epithelia  of  the  enamel-organ. 

The  suGcessional  teeth  are  very  numerous,  no  less  than  seven  being 
oft«n  seen  in  a  single  section ;  and  their  arrangement  is  peculiar,  and 
quite  characteristic  of  the  Ophidia. 

The  tooth  next  in  order  of  succession  is  to  be  found  at  the  inner  side 
of  the  base  of  the  tooth  in  phice,  where  it  lies  nearly  horizontally ;  but 
Uie  others  stand  more  nearly  vertically,  parallel  with  the  jaw  and  with 
the  tooth  in  place,  the  youngest  of  the  series  being  at  the  bottom. 

i2 
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■ow  of  tooth-sflos  is  conlaiiied  n-ithin  a  single  general  ctttt-  ■ 

1  epithelium,  whence  the  euarael-genns  are  derived. 
un  considerable  length,  the  forming  teeth,  which  were  at 
lecome  nearly  homontal,  reaumiiig,  of  course,  their  upright 
nore  when  they  come  into  place. 

tbe  whole  peculiarity  of  this  arrangement  is  to  be  found  in 
ilatation  which  the  mouth  of  the  anake  undergoes.     The 
lar  inveatnieut  probably  sen'es  to  preserve  the  tooth-BBM 
nent ;  while,  if  the  forming  teeth  remained  vertical  after 
ned  to  any  conBiderable  length,  their  points  would  be  prOr*  J 
li  tbe  mucous  inembraue  vchen  this  was  put  upon  the  stretcltfl 
■iag  of  pn'v.                                                                                fl 
iiuthor  has  sho«ii  in  a  previous  communication  to  be  Uw  ^ 
trachia  and  Sauria,  the  hypothetical  "  papillary  stage  "  ia  at 
it. 

ral  epithelium  there  extends  downwards  a  process  which, 
in  and  winding  around  the  older  tooth-sacs,  after  pursuing 
.rae,  reaches  the  furthest  and  lowest  extremity  of  the  area 
opment,     Uere  its  cfecal  end  gnes  origin  to  an  enunel'- 
lile  it  does  ho  buds  forth  a^aiu  bevond  it  in  the  fbrni  of  a 
;y.     Thus  at  the  bottom  ot  this  arta  of  tooth -development 
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III.  "On  the  Effects  of  Heat  on  Iodide  of  Silver."  By  G.  P. 
BoDWBLL,  P.E.,A.S.,  P.C.S.j  Science  Master  in  Marlborough 
College.  Communicated  by  Professor  Fredxkick  Guthkiz, 
F.R.S.     Received  August  14,  1874. 

Professor  Gerk  Maxwell,  when  discussing  the  expansion  of  matter  by 
beat  ('  Theory  of  Heat,'  p.  8),  says,  "  The  body  generally  expands  (the 
<Hily  exception  among  solid  bodies,  as  far  as  I  am  aware,  is  the  iodide 
at  sUrer,  which  has  been  found  to  contract  as  the  temperature  rises)." 
M.  H.  Hzean,  apeaking  of  the  same  substance  ('  Nouvelles  Observations 
relatiTes  4  I'iodure  d'aigent '),  *TiteB  as  follows  : — "  Ce  corps,  ea  effet, 
par^  offrir  I'exemple  d'une  inversion  complete  des  ph^nomSnes  ordl- 
aaires  de  la  dilatation  par  la  cbaleur,  car  son  volume  diminue  ti^s-cer- 
tainemeut  pendant  I'^hauffement  et  augmente  pendant  le  re&oidisse- 
ment." 

It  was  thought  that  a  substance  possessing  so  marked  a  property 
would  probably  exhibit  peculiarities  of  molecular  structure ;  and  the  fol- 
lowing experimeuta  were  made  in  order  to  determine  whether  such 
peculiarities  exist,  to  note  the  effects  of  higher  temperatures  upon  the 
iodide  than  those  employed  by  Fizeau  (which  in  no  instance  exceeded 
100°  C.)>  and  to  determine  the  point  of  maximum  density  of  the 
iodide.  The  phenomena  which  most  closely  approximate  to  those 
assigned  to  the  iodide  of  silver  when  heated  are  to  be  found  in  the 
case  of  the  anomalous  expansion  of  ice  and  bismuth,  and  a  few  other 
substances  which  at  the  moment  of  fusion,  and  for  a  few  d^;rees  above 
tiieir  p(^t  of  solidification,  exhibit  contraction  on  being  heated  ;  but  in 
these  instances  we  have  to  bear  in  mind  that  a  change  of  state  is  simul- 
toneonsly  effected,  or  about  to  be  effected,  in  the  substance.  Again, 
certain  crystals  contract  in  the  direction  of  one  of  their  axes  on  the 
application  of  heat ;  but  they  expand  in  the  direction  of  another  axis, 
and  the  total  expansion  is  great«r  than  the  contraction,  so  that  they 
.possess  a  positive  coefScient  of  expansion.  Garnets  and  a  few  other 
crystals  undergo  an  increase  of  specific  gra?ity  on  being  strongly  healed, 
and  slowly  recover  their  original  density. 

The  iodide  of  silver,  on  the  other  hand,  when  far  removed  from  the 
point  at  which  it  undergoes  any  change  of  state,  appears  to  exhibit  con- 
traction, to  possess  what  M.  Fizeau  calls  a  "  negative  coefficient  of 
expansion ;"  and  this  is  the  more  remarkable  when  we  remember 
that  the  chlorides,  bromides,  and  iodides  of  potossinm,  sodium,  and 
ammonium,  and  the  chloride  and  bromide  of  silver  expand  consider- 
ably when  heat«d,  more  so,  indeed,  than  the  most  expansible  metals, 
■uch  as  lead,  tin,  and  zinc.  The  contraction  of  the  iodide  of  silver  is, 
according  to  Fizeau,  quif«  regular  between  —10°  C.  (14°  F.)  and 
-t-  70°  C.  {158°  F.) ;  and  he  calculates  that  the  contraction  is  equal  tc 
about  j^jj^  of  its  volume  at  0°  C.  for  100°  C,  or,  again,  equal  to  one  sixth 
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of  plfttinum  for  100=  C.     He  aUo  found  that  a  Iwg© 
ital  exhibited  a  very  considerable  contraction  in  the  direo- 
9  of  symmetry,  while  a  slight  eipanaioo  was  produced  in  i 
nal  to  the  axis  of   the   crystal".     The   contraction  wm 
e  case  both  of  the  crystal,  a  coafuaed  crystalline  mass,  and 

mass  produced  by  strongly  compressing  the  precipitated 
became  a  hard  mass  capable  of  receiving  a  fine  polish,  and 
pccific  gravity  of  5-569.     Fiueau  considers  that  the  iodide 
nasjmum  of  volume  or  minimum  of  density  at  a  temper*- 
C.  (  -  76°  F.). 

nt  silver  employed  in  the  following  experiments  was  pre- 
By  precipitation.     Pure  iodide  of  potassium  was  added  to 
er,  both  in  dilute  solution.     The  precipitated  iodide  waa 
.shed  in  the  dark,  slowly  dried,  fused  in  a  porcelain  crucible, 

cylindrical  masses,  either  in  a  warm  porcelain  or  bnas 

By  dissoh-ing  pure  silver  in  strong  hydriodic  acid,  eva- 
iryness,  fusing,      (3)  By   exposing  pure  silver  leaf  for 

to  the  vapour  of  iodine  produced  by  spontaneous  eva- 

?»imiTie  the  effects  of  heat  upon  the  iodide,  it  may  be  well 
or  two  coucerning  the  acliou  of  light  upon  jt.      A  con- 

1874.]  ^ffiteU  iff  Heal  on  Iodide  of  Silver.  99 

m«4»11if  siate,  and  forming  an  opaque  metaUic  film  on  the  parts  of  the 
aat&ce  wiuch  have  been  exposed  to  light." 

Hie  following  experiments  were  made  to  determine  the  degree  of  sen- 
iitiTeaeu  oi  the  iodide  to  light : — 

a.  By  means  of  a  large  lens  the  rays  of  the  electric  lamp  were  brought 
to  a  focus  within  a  glass  cell  containing  a  solution  of  iodide  of  potas- 
onm;  a  solution  of  nitrate  of  silver  was  then  introduced  by  a  pipett«  at 
tbo  apex  oi  the  cone  of  rays.  The  precipitated  iodide  possessed  ita 
osnal  pale  tsUow  colour. 

/3.  TresUy  precipitated  iodide  in  suspension,  with  a  slight  excess  of 
iodide  of  potassium,  remained  in  the  full  glare  of  a  July  sun  without 
undergoing  any  perceptible  change  ;  neither  did  it  subsequently  darken. 

y.  Freshly  precipitated  iodide  in  saspension,  with  a  slight  excess  of 
nitrate  of  silver,  underwent  do  immediate  change  on  exposure  to  a  July 
■on.  At  the  end  of  an  hour  it  had  become  slightly  grey,  and  subse- 
qnently  da^ened. 

Jt.  Organic  matter  in  the  shape  of  starch-paste  did  not  induce  any 
diange  when  mixed  with  freshly  predpitated  iodide  in  suspension  with 
a  slight  excess  of  iodide  of  potassium.  Albumeniied  paper  with  iodide 
precipitated  upon  it  did  not  undergo  any  immediate  change.' 

«.  8<Mne  dried  and  powdered  iodide  was  found  to  have  acquired  a 
slight  greyish  metallic  tinge  after  an  hour's  exposure  to  the  sun.  A 
freshly  broken  surface  of  fused  iodide  became  very  slightly  darker  after 
exposure  to  the  sun.  A  very  pale  microscopical  crystal  of  iodide,  re- 
moved from  the  interior  of  a  crystalline  mass,  became  slightly  brown 
after  several  hours'  exposure  to  diffused  light. 

{.  Crystals  of  iodide  of  silver  produced  by  direct  solution  of  silver  in 
bydriodic  add  were  not  ^Cected  by  light;  neither  were  crystals  of 
hydro-argentic  iodide  (AglHI),  nor  crystals  of  argento-potaasic  iodide 
(AgKI). 

If.  A  sheet  of  silver  leaf  was  exposed  to  the  vapour  of  iodine  (pro- 
duced by  spontaneous  evaporation)  for  five  minutes;  it  possessed  a 
&intly  yellow  tinge,  which  on  exposure  to  the  sun  instantly  became 
pale  green,  but  on  further  exposure  returned  to  its  original  pale  yellow. 
A  second  sheet  was  exposed  for  ten  minutos  to  the  vapour  of  iodine  ;  it 
acqniied  a  golden-yellow  surface,  which  on  exposure  to  diffused  light 
acqniied  a  purplish-red  colour,  and  on  exposure  to  the  sun  became 
greenish  purple.  On  continued  exposure  this  colour  disappeared,  and 
the  plate  returned  to  almost  the  original  yellow  colour. 

6.  A  sheet  of  silver  leaf  was  exposed  to  the  vapour  of  iodine  for  half  an 
hour,  at  the  end  of  which  time  it  possessed  a  decided  golden  yellow  colour ; 
on  exposure  to  the  sun  it  instantly  acquired  a  dark  purple  colour,  edged 
witii  green  at  those  parts  least  exposed  to  the  direct  vapour  of  the  iodine. 
On  continued  exposure  the  purple  became  paler,  but  the  sheet  did  not 
retmn  to  ita  ori^nal  yellow  colour. 
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ing  solution  composed  of  ferrous  sulphate,  alcohol,  «etio 
,  when  applied  to  the  eipoasd  sheets  of  q  and  9,  wbicb  h»d 
it  oa  cfnitimied  exposure  Uiiarly  regiuned  their  origiiiat. 
»d  a  reildish-browQ  colour.                                                     J 
f  silver  leaf  was  exposed  to  the  vapour  of  iodine  for  mw^V 
found  to  be  converted  into  a,  slightly  coherent  film  oT^ 
iodide.      Light  had  no  effect  upoa   it,   even  after  long 
Fuly  sun ;  neither  was  any  colour  produced  on  tiie  ftddl- 
aping  solution. 

lide  of  silver  would  thus  appear  to  be  scarcely  affected  by 
ben  silver  is  present,  either  in  the  torm  of  nitrate  or,  aa  in 
silver  aims,  as  metallic  silver. 

pitated  iodide  of  silver  be  fused  it  is  found  to  cool  to  a 
mass,  which  in  thin  layers  is  translucent.     The  surEsoa 
a  dark  steel-grey,  semimetallic  appearance,  but  thin  does 
lomposition.     Sometimes,  without  any  apparent  c«use,  the 
ish  surfare  and  tho  dark  steel-grey  may  exist  side  by  sida 
used  mass.     A  second  fusion  may  produce  a  uniformly 
ce  or  a  uniformly  ateol-grey  surface.      But  whatever  tho 
the  fused  mass,  it  always  furnishes  when  pulveriBcd  r 
lowder,  which,  when  heated,  remiuns  unaltered  in  colour 
^^W2ai^j)^A^liaUemneraJur^^pgin^^ftr*M^ 
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takes  place,  often  accompanied  by  a  1  )ud  cracking,  and  large  fissures 
^pear  ia  the  mass. 

Maay  attempts  were  made  to  determine  the  precise  t«inperature  at 
whidi  the  change  from  the  amorphous  to  the  ccystalliue  condition  takes 
{dace ;  but  the  results  were  somewhat  discordant,  depending  apparentljr 
on  tike  mass  of  the  iodide,  and  perhaps  on  the  number  of  times  it  had 
been  previoasly  fused.  The  iodide  was  fused  in  a  glass  tube  or  porcelain 
crucible,  sad  when  fusion  was  quit«  complete  was  placed  in  an  air-bath 
mt  150°  C.  (302°  F.)  and  allowed  to  cool.  The  exact  temperature  at 
which  the  tube  was  broken  by  the  expanding  mass  was  noticed.  About 
15  grammes  of  iodide,  which  had  been  often  fused,  changed  suddenly 
from  the  amorphous  to  the  crystalline  condition  at  120°  C.  (248°  F.). 
Another  specimen  cracked  the  tube  at  116°  C.  (240°'8).  A  porcelain 
onuahle  containing  10  grammes  of  the  fused  iodide  commenced  to  change 
at  118°  C.  (244°-4  F.) ;  the  crucible  was  violently  riven  open  at  106"  C. 
Two  small  test-tubes,  about  6  millimetres  diameter  and  each  contain- 
ing 2  grammes  of  iodide,  were  placed  in  the  hot-air  bath ;  the  two 
masses  of  iodide  simultaneously  changed  to  the  crystalline  condition  at 
109°  C.  (228°'2  F.).  On  one  occasion  a  small  mass  weighing  3  grammes, 
prepared  by  dissolving  silver  in  hydriodic  add,  was  fused  in  a  tube  and 
slowly  cooled.  It  cooled  down  to  the  ordinary  temperature  of  the  air 
without  breaking  the  tube ;  on  moving  the  tube,  however,  the  mass  sud- 
denly underwent  molecular  change,  and  the  tube  was  broken.  The  same 
iodide  fused  with  some  which  had  been  similarly  prepared  suddenly 
changed  to  the  crystalline  variety  at  121°  C.  (249°-8  F.).  From  the 
above  results  we  cannot  be  far  wrong  in  stating  that  the  diange  from 
the  amorphous  to  the  crystalline  variety  of  the  iodide  takes  place  at  a 
temperature  of  about  116°  C.  (240°-8  F.). 

Presumably  heat  is  evolved  when  the  amorphous  modification  of  the 
iodide  passes  into  the  crystalline.  Several  attempte  were  made  to  ascer- 
tain this  by  plunging  a  mass  of  hot  amorphous  iodide  into  hot  mercury, 
inserting  a  thermometer,  and  allowing  the  whole  to  cool,  but  no  rise  of 
temperatnre  was  observed  at  any  given  point  of  the  cooling. 

If  the  fused  iodide  be  cast  into  a  tube  of  porcelain  or  brass  the  fol- 
lowing effects  may  be  observed : — (a)  The  mass  contracts  considerably 
at  the  moment  of  solidification,  the  level  liquid  surface  sinking  into  a 
deep  conical  depression  when  it  becomes  solid.  (f3)  For  many  seconds 
after  the  solidification  the  solid  cylinder  of  iodide  will  freely  slip  out  of 
the  tube,  and  is  then  seen  to  be  red  and  transparent,  in  fact  in  the 
amorphous  condition ;  but  (y)  if  the  mass  cools  until  it  assumes  the 
crystaUiiie  condition  it  can  no  longer  be  got  out  of  the  tube ;  and  if  the 
latter  be  of  glass  or  poraelain,  it  is  infallibly  broken  by  the  expansion. 
Hence  if  a  mass  of  iodide  be  allowed  to  cool  in  a  tube  which  it  cannot 
break  when  it  expands,  it  may  bd  made  to  contract  and  slip  easily  out  of 
the  tube  by  heating  it.    Hence  also,  as  the  change  from  the  amorphous 


1874.]  EffecU  of  Heat  on  Iodide  of  SUver.  103 

of  the  iodide.  This  would  gire  as  the  specific  grarity  of  the  inolt«a 
iodide  5*^)6.  The  mass  was  then  allowed  to  solidify  in  the  tube,  and  a 
hago  conical  CKvity  appeared  at  the  moment  of  congelation.  Thie  cavity 
oontained  4*652  grammes  of  mercury,  and  would  contain  1*8149  gramme 
of  iodide.  Honoe,  if  the  volume  of  the  iodide  before  fusion  be  taken  as 
100,  the  volume  of  the  resulting  fused  iodide  will  be  104-499.  Or, 
ftgain,  100  volumes  of  molten  iodide  contract  to  95*604  volumes  of  the  solid. 
The  prindpal  eipansion  takes  place  at  the  moment  of  fusion,  and  the  ei- 
puuion  between  116°  C.  and  450°  C.  is  not  considerable.  No  really  satis- 
factory method  has  been  yet  fonnd  for  det«rmining  the  coefficient  of 
expaonon  between  116°  C.  and  450°  C. ;  but  if  we  assume  it  to  be  equal 
to  ihe  mean  expansion  on  the  other  side  <£  116°  C.  (of  course  omitting 
&o  andden  expansion  which  takes  place  when  the  amorphous  passes  into 
tlie  crystalline  condition),  we  find  that  a  volume  1-00000  at  116°  C. 
wiD  become  a  volume  of  1*01455238  at  450°  C.  just  below  the  melting- 
pmnt,  while  in  passing  from  the  solid  to  the  liquid  condition  the  volume 
increases  from  1-01455  to  1-04499,  an  expansion  =-03044. 

When  a  mass  of  iodide  of  silver  passes  from  the  amorphous  into  the 
CTystaUine  condition  the  molecular  commotion  is  so  considerable  that 
porti<ms  of  the  mass  are  sometimes  jerked  off  from  the  ends  of  a  bar,  and 
large  fissures  appear  in  the  mass.  These  are  sometintes  as  much  as  half 
a  millimetre  broad  and  several  centimetres  long  in  a  cylindrical  mass 
w^ghing  from  10  to  20  grammes.  They  penetrato  to  the  centre  of  the 
mass,  as  may  be  shown  by  cooling  the  iodide  under  mercury,  when  the 
whole  mass  is  found  to  be  permeated  by  the  metal.  The  capacity  of  these 
intercrystalline  spaces  was  determined  by  allowing  a  known  weight  of 
iodide  to  pass  from  its  amorphous  to  its  crystalline  condition  beneath  the 
surface  of  mercury,  and  i^ain  weighing. 

a.  3*643  grammes  Agl  after  thus  cooling  weighed  3'968  grammes. 
^.  5-913         „  „  „  „         6-417 

And  as  we  know  the  specific  gravity  of  mercury  and  of  the  iodide,  it  is 
easy  to  deduce  from  the  above  that  the  volume  of  the  cracks  is  repre- 
Boited  respectively  by  (a)  -1353  gramme  uid  (fi)  -2098  gramme  of 
iodide;  heooe 

a.  3*643  :  -1353  ;  :  100  :  3-7112 
^.  5-913  :  *2098  :  :  100  :  3*5481 
which  give  a  mean  of  3*6296.  Therefore  100  grammes  of  iodide  in  the 
amorphous  condition  produce,  in  passing  into  the  crystalline  condition, 
intercrystalline  spaces  capable  of  contuning  36296  grammes  of  iodide. 
From  an  observation  which  was  made  oa  a  cylindrical  mass  of  iodide  a 
centimetre  diameter,  which  in  undergoing  expansion  in  the  passage  from 
the  amorphous  to  the  crystalline  condign  had  produced  a  separation 
amounting  to  half  a  millimetre  in  a  tube  which  had  yielded  to  the  expan- 
sion, tlie  expansion  of  the  mass,  plut  the  intercrystalline  spaces  within 
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7  be  -047619  ;  hence  a  volume  of  amorphous  iodide  repre- 
■  becomes  a  volume  of  1-047'!19  in  passing  into  the  crys- 
n,p^!u  the  intercrystalline  spaces;  and  the  volume  of  thesa 
>ceu  determined  above,  we  find  that  the  actual  change  of 
takes  place  simultaneously  with  the  change  of  moleculw 
lilts  Ui  '011323  ;  that  is,  a  volume  of  iodide  at  its  point 
'■nsity  (116°  C.)  represented  by  unity  becomes  a  volume 
changing  to  the  crystalline  condition, 
-iitn  and  cooUug  appear  to  render  a  mass  of  iodide  mora 
itaiUne,  and  to  promote  the  formation  of  large  fissurefl. 
lared  by  dissolving  silver  in  hydriodic  add  and  subsequent 
5  brittle  than  that  produced  by  precipitation   and   fr&- 
We  have  before  noticed  that  while  the  latter  passes  into 

,  tho  former  may  sometimes  be  cooled  to  much  lower  tem- 
lut  change ;  in  fact  it  appears  to  be  altogether  more  com- 
nnd  freer  from  intercrystalline  spaces  than  the  fused  iodide 
ecipitation,  indeed  almost  perfectly  free.    The  specific  gra- 
0  to  be  slightly  higher.     Boullay  found  the  specific  grarity 
de  produced  by  precipitation  to  be  5-61 ;  but  he  wasprobahly 
'  presence  of  the  intercrystalline  spaces,  or  he  did  not 
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and  more  compact  than  that  produced  by  precipitatioD.  Deville  found  the 
■pecific  gnvitj  of  the  unfused  precipitated  iodide  to  be  5*807,  and  of  the 
fuAod  iodide  5'667,  while  Damour  found  the  native  crystale  to  bare  a 
■pedfic  gravity  of  5'667  ;  hence  the  amorphoua  precipitate  has  a  higher 
density  than  either  the  fused  crystalline  iodide  and  their  native  crystals. 
Thna  tiie  density  of  the  amorphous  precipitate  coincides  almost  perfectly 
with  the  density  of  the  fused  iodide  at  its  point  of  maximum  density 
(116°  C.)  when  in  the  amorphous  condition,  as  deduced  from  the  above 
experiments. 

If  we  place  in  a  specific-gravity  flask  a  quantity  of  fused  iodide  of 
silver,  fill  it  up  with  mercury  (taking  every  precaution  to  displace  the  air 
from  the  intercrystolline  spaces),  and  place  in  the  ground  neck  of  the 
flask  a  perforated  stopper  continued  as  a  capillary  thermometer-stem,  we 
have  obviously  a  thermometer  in  which  we  can  observe  the  effect  pro- 
duced by  the  anomalous  contraction  of  the  iodide  on  the  regularly 
expanding  mercury.  On  applying  heat  to  such  aa  arrangement  we 
observe  tjiat  for  a  while  the  mercury  rises  in  the  stem,  until  on  further 
heating  the  contraction  of  the  iodide  exceeds  the  expansion  of  the  mercury, 
and  ttie  column  retreats  if  much  iodide  is  present  into  the  very  bulb  of 
the  instrument. 

If  the  heating  be  now  discontinued  the  mercury  slowly  rises  as  the 
iodide  cools,  until  the  contraction  of  the  mercury  exceeds  the  expansion 
of  the  iodide,  beyond  which  point  the  mercury  continues  to  sink  as  the 
bulb  cools.  Nothing  could  better  illustrate  the  complete  inversion  of  the 
effects  usually  produced  by  heat  on  bodies  in  the  case  of  the  iodide  of 
silver. 

Professor  Quthrie  suggested  to  me  that  a  convenient  method  of  deter^ 
mining  the  amount  of  contraction  produced  by  heat  in  the  iodide  would 
be  to  fill  a  specific-giavity  flssk  with  mercury,  and  determine  the  amounU 
of  mercury  exuded  from  the  flask  for  every  ten  or  twenty  degrees  of 
temperature ;  then  to  place  in  the  flask  a  known  weight  of  fused  iodide 
with  a  known  weight  of  mercury,  and  repeat  the  determinations.  This 
was  accordingly  done.  About  440  grammes  of  mercury  were  employed, 
and  weighings  made  at  intervals  of  a  few  degrees.  The  method  was 
found  to  be  satisfactory,  and  the  results  concordant.  For  example  (to 
take  a  few  instances  from  many),  the  amounte  of  mercury  driven  from 
the  flask  by  expansion  for  10°  C.  were  found  to  be  as  follows  : — 


29°  C.  and  53"  C. 
22"  C.  „  74°  C. . 
20°  C.  „  84°  C. 
29°  C.  „  86°  C. 
47°C.    „    84*'C.. 


.■066062 
,  .-067250 
, .  ■007390 
,.■068526 
,.-069297 


Dumbers  which,  when  the  necessary  corrections  have  been  made  for 
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if  the  glass,  agree  very  well  with  Eegnaiilt'a  detennina- 
K<\iite  eipanaion  o£  mercury.     Then  38-3080  grammeB  of 
■  were  platred  in  the  flaak  ;  it  was  filled  up  with  mercury, 
heated,  cooled  in  a  good  vacuum,  weighed,  cooled  to 

21°  C,  67°  C,  and  the  weights  delermined.     At  high 
be  mercury  acts  upon  the  iodide  and  a  green  iodide  of 
jed.     The  results  were  not  very  concordant  above  67°  C. 
ifeen  introduced.      The  general  results  were  as  foltowa : 
if  mercury  driven  from  the  floak  for  1°  C.  were  r«- 

itween  -18°  and  0°  C.  =  -052648 
„       -18"     „    +21°  C.  =  -051392 

(f  „  +21°  C.  =  -050285 
„       -18°     „    +6r  C.  =  -049684 

0*'  „  67°  C.  =  -043873 
„       +21°     „       67°  C.  =  -048228 

known  weight  o£  mercury  in  the  flaak  and  the  known; 
i-rcury,  it  is  easy  to  deduce  the  quantity  of  memiry  whieli 
n'en  driven  from  the  flask  hy  expansion  for  any  number 
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learoured  to  prove  iu  the  foreguiug  pages  tde  following 

I  iodide  of  silver  exists  in  three  allotrupic  fonus,  vk.  (a), 

a  between    IKj"  C.  and  its  fusing-point,  as  a    plastic,, 

'phous  Bubstanee  possessing  a  reddish  colour  and  traii»^ 

;  ()9),  at  temperatures  below  116°  C,  as  a  brittle,  opaqii^< 

J  crystalline  mass  ;  aud  (y),  if  fused  and  poun^d  into  cdd, 

Bmorphous,  very  brittle,  yellow,  opiique  substance. 

1  iodide  possesses  a  poiut  of  maximum  density  at  or  abonfej 

I  moment  before  posaing  from  the  amorphous  into  the  crys- 

i  allow  a  maaa  of  molten  iodide  to  cool,  the  following 

i  observed ; — (o)  at  the  moment  of  solidification  a  Tecy 

nntraction  takes  plaee  ;  (/3)  the  solid,  oa  further  cooling 

it  aud  regular  contraction  after  the  manner  of  solid  bodJei 

Hil  (y)  at  or  about  11C°  C.  it  undergoes  sudden  and  violeiit' 

mg  from  the  amorphous  into  the  crystalline  condition ; 

l-going  this  expansion  the  mass  on  further  cooling  vmdergoes 

,  and  (e)  the  coelficient  of  contmctioi]  diminishes  as  the 

)  (or  otherwise  expressed,  the  coefficient  of  con- 

\\  the  temperature). 
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(37^75  C.)  it  begina  to  soften  sliglitly,  and  gradually  beuomes  softer  u 
the  temperature  rises,  until  just  before  reaching  the  fusing-pcnnt,  142°  F. 
(dl^"!!  C),  it  is  quite  plutic,  and  may  be  moulded  by  pressure,  or  spread 
oat  into  thin  coheient  sheets.  It  thus  reeeinblea  some  metals  which  are 
brittle  at  t^e  ordinary  temperature,  but  become  more  and  more  mnlleable 
u  the  temperature  rises.  As  the  temperature  rises,  the  paralRne  becomes 
more  and  more  translucent ;  and,  like  sealing-wax  and  some  other  bodies, 
it  becomes  what  we  may  call  either  semifluid  or  si-misalid  before  it 
finally  fuses  to  a  colourless  perfectly  trannparent  fluid.  As  the  tempera- 
ture approaches  400°  F.  (205°-5  C),  the  liquid  begins  to  give  off  fumes  ;  it 
"  flashes  "  (that  is  to  say,  the  vapour  ignites  on  the  application  of  flame, 
bat  does  not  contjune  to  bum)  at  458°  V.  (236'-fi3  C.)  ;  and  the  vapour 
Ignites  spontaneously  without  the  presence  of  flame  and  continues  to  bum 
at  576"  F.  (302»-75  C).  Finally  the  boiling-point  is  above  the  melting- 
point  of  lead  and  the  boiling-point  of  mercury,  but  below  the  melting- 
point  of  cine  (apparently  not  much  below  it),  presumably  about  760°  V. 
(308°'8C.).  Aii^thermometer  determinations  of  the  boiling-point  were 
not  satisfactory.  As  the  liquid  cools  from  the  boiling-point  the  contrac- 
tion is  seen  to  be  enonnaus.  The  comparatively  small  quantity  of  liquid 
paroffine  (about  15  grammes)  capable  of  being  contained  in  a  tube  15 
centimetres  (nearly  6  inches)  long  by  15  millimetres  (nearly  §  inch) 
diameter  can  be  w«n  to  sink  two  or  three  centimetres  in  less  than  10 
minutes.  The  subsidence  continues  until  the  point  of  solidification  is 
attained,  when  the  mass  commences  to  solidify  at  the  bottom,  and  pro- 
ceeds gradually  up  the  sides  of  the  tube,  leaving  a  central  core  of  perfectly 
fluid  matter  which  does  not  solidify  for  some  length  of  time.  The  moss 
parts  with  its  heat  very  slowly.  When  perfectly  and  uniformly  cooled 
down  to  the  ordinary  temperature,  a  hollow  central  core  is  found  in  the 
mass  of  panffine,  extending  nearly  to  the  bottmn,  and  gradually  narrow- 
ing as  it  descends.  The  contraction  which  takes  place  in  passing  from 
the  liquid  to  the  solid  condition  is  very  confiiderable. 

The  expansion  which  parafSne  undergoes  when  heated  appeared  to  be 
■o  unusnoUy  great,  that  the  following  experiments  were  made  in  order  to 
determine  its  amount.  They  may  be  divided  into  three  parts,  \-\t..  ex- 
periments to  determine  :-~(e()  the  coefficient  of  expansion  of  the  solid 
for  temperatures  between  32°  F.  (0°  C.)  and  the  point  of  fusion,  142°  ¥. 
(61°"11  C.) ;  (/?)  the  precise  change  of  volume  which  ensues  when  the  solid 
at  142°  P.  fnsses  into  the  liquid  at  142°  F. ;  and  (y)  the  coefficient  of  ex- 
poaoonot  the  liquid  between  its  point  of  majtimum  density  (142°  F.)  and 
its  boilin^point  (presumably  about  750°  F.,  398"-8  C). 

In  these  determinations  the  greatest  obstacle  to  be  contended  against 
was  tlie  slight  conductivity  of  the  parafline,  which  made  it  very  difficult 
to  evenly  heat  either  a  solid  or  liquid  mass.  The  only  way  of  doing  this 
was  to  keep  the  moss  for  a  length  of  time  at  the  precise  temperature 
required ;  and  this  it  is  almost  impossible  to  do  when  the  temperature  of 
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Iso  difficult  to  manipulftto  with  a  liquid  which  is  above  the 
jf  mercury,  and  is  at  the  earae  time  giving  off  clouds  of 
iaflatumable  vapour.     The  slight  conductivity  of  tha  BoUd 
le  following  results.      The  bulb  of  a  Ihermometer  was  im- 
aas  of  parafiiue  in  such  a  manner  that  the  diataii(»  between 
aoe  of  the  paraffine  and  the  surface  of  the  bulb  was  8  miUimi. 
h).     It  was  immersed  in  water,  and  kept  in  a  fixed  position 
Tietres  above  the  bottom  of  the  beaker,  and  on  a  level  witbs 
biilb  in  direct  contact  with  the  water.      The  beaker  wm 

r  at  intervals  of  two  minutes.     At  Btarting,  1 1.20  i.M.,  tbfl 
£  the  water  was  52°  1'.  (11°-11  C).      Tha  gas  was  turned 

Temperfthire  shonii  by 
immerwd  tn  water. 

Temperature  ihown  hj 

the  thprmometer 
inibeddod  in  paralBne. 

Differenoe. 

62=  v. 

OS 

S5 

52=  F. 
54 

53 

0"F. 
-14 
-27 

1874.]  Coefficient  of  Expantion  of  a  Paraffine,  1 1 1 

ont  when  the  thermometer  immeracd  in  the  water  read  141' F.,  but  it 
rose  to  14S°  F.  (six  degrees  above  the  point  of  fneion  of  the  ponlKne), 
and  a  very  small  amount  of  paraffine  at  the  aur&ice  molted  ;  hence,  uith 
tite  exterior  surface  actually  fusing  at  148°  F.,  it  will  be  Been  that  the 
imbedded  thennometer,  Beparated  from  the  fused  surface  by  only  8  miUims. 
of  parafEne,  read  48°  F.  lower.  Further,  it  will  be  noticed  that  the  tcm- 
peratnre  of  the  water  rose  steadily  to  14S°  F.  and  then  sank  at  the  rate 
of  aboat  one  degree  in  a  minute,  while  the  parafBne  acquired  heat  in- 
Greaaingly  till  the  water  conaed  to  be  heated,  then  less  qui(^ly,  iintil  when 
the  paraffine  had  acquired  a  temperature  of  130°  F.  the  temperatures 
crancide,  half  on  hour  after  the  commencement  of  heating,  Thcu  the 
temperature  of  the  paratHne  begins  to  fall  gradually,  and  less  quickly 
than  titat  of  the  water,  until  at  dO°-o  F.  there  is  once  again  coincidence, 
one  hour  and  twenty-seven  minutes  from  the  commencement  of  heating. 
After  this  the  temperatures  read  alike,  and  the  thermometers  continue  to 
bSXparipauu.  In  the  column  of  differences,  minut  differences  signify  that 
the  temperatures  of  the  paraffine-thermometer  were  htloia  those  of  the 
water-thermometer,  pl\u  differences  that  the  former  were  aiiove  those  of 
the  latter. 

It  will  be  noticed  that  the  two-minute  obser^'ations  cease  at  12.10p.m., 
and  that  the  last  four  are  made  at  intervals  of  13,  25,  10,  and  63 
minutes. 

In  regard  to  the  fluid  paraffine,  a  mass  of  from  20  to  30  grammes  takrs 
two  or  three  houra  to  cool  down  from  just  below  its  fusing-point  to  the 
temperature  of  the  air — that  is,  to  cool  through  about  80°  F.  The  bulb 
of  a  thermometer  wax  surrounded  by  8  millimetres  of  liquid  paralGno 
at  ISO"  F.,  and  was  plunged  in  a  bath  kept  at  245°  F. ;  at  the  end  of 
half  an  hour  the  mass  of  about  30  grammes  had  barely  acquired  the  tcm- 
p^ature  of  the  bath.  In  boating  a  vessel  of  paraffine  there  is  always  a 
marked  difference  between  the  temperatures  of  the  upper  and  lower 
levels.  The  convection-currents  part  nith  their  heat  so  slowly  that  a 
uniform  temperature  throughout  the  mass  seems  to  be  altogether  unat- 
tainable without  constant  and  complete  ^tation.  During  the  heating 
of  about  half  a  litre  of  the  liquid  paraffine  in  a  cylindrical  copper  vessel 
75  millimetres  (about  3  inches)  tUameter  by  150  millimetres  high,  the 
following  results  wore  obtained  :~~The  upper  thermometer  was  placed 
with  its  bulb  a  centimetre  from  the  surface,  the  lower  thermometer  with 
ita  bulb  a  centimetre  from  the  bottom.  The  fluid  mass  was  directly 
heated  by  a  Bunsen  burner  from  below.  In  the  column  of  differences, 
•HNtu  differences  signify  that  the  temperature  of  the  lower  thermometer 
is  ft«li>iii  that  of  the  upper  thermometer,  and  plui  differences  that  the 
temperatures  of  tho  former  arc  above  those  of  the  latter.  The  gas  was 
turned  out  at  6  p.if .,  the  highest  temperature  being  attuned  by  the  lower 
thermometer  (361°  F.)  at  6.1  p.u.,  while  the  highest  temperature  attuned 
by  the  upper  thermometer  was  354°  F.  at  the  same  time. 
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Offing  to  the  great  contractioQ  which  takes  pl&ce  when  a  moss  of  liquid 
pusffine  solidifies,  it  was  found  to  be  samewhat  difficult  to  obtain  a  solid 
mass  free  from  minute  cavities  and  of  uniform  texture.  The  plan 
erentuallf  adopted  was  to  take  a  long  column  of  melted  paraffine  and  to 
oool  the  lower  extremi'^  of  it.  The  supernatant  fluid  forced  its  way  into 
the  central  cftTity  produced  by  the  contraction  of  the  solidifying  mass,  and 
the  result  was  a  mass  of  parafEne  apparently  quite  compact  and  free 
from  cavities.  It  was  suspended  from  the  balance  by  horsehair,  and 
weighted  by  a  piece  of  brass,  the  weight  of  which  in  air  and  water  at 
difierent  temperatures  was  known ;  and  the  whole  was  finally  weighed  in 
distilled  water  which  had  been  weU  boiled  and  cooled  in  a  good  vacuum. 
After  the  immersion  of  the  paraffine  the  whole  was  again  placed  in  a  good 
vacuum.  The  mass  was  heated  and  weighed  in  water  at  various  tem- 
peratures, between  32°  F.  (0°C.)  and  142°  F.  (61°-11  C);  the  melting- 
point  and  the  cubical  expansion  was  found  to  be  as  follows,  for  one 
degree  Fahrenheit : — 

Between     32°  F.  and     60°  F.  (15°-55  C.)  ....  -00031985 

„  60°  F.     „     100°  F.  (Sr-O  C.)  -00039090 

100°F.    „    120°F.  {48°-85C.)  ....  -00143118 

120° F.    „    142°F.(61°-11C.)  ....  -00244358 

The  considerable  increase  of  the  coefficient  as  the  point  of  fusion  is 
approached  is  explained  by  the  fact,  already  adverted  to,  that  the  solid 
paraffine  becomes  soft  and  semisolid  like  sealing-wax  and  gutta-percha 
before  actually  becoming  liquid.  From  the  above  coefBcients  we  deduce 
the  fact  that 

100  volumes  of  paraffine  at  32°  F.  become  100-8955  at    60°  F. 
102-4591  „  100° 
105-3215    „  120° 
„        110-6974  „  142° 

As  the  latter  temperature  is  approached  the  mass  may  be  moulded  by 
the  hand  like  a  mass  of  dough  or  putty ;  and  on  continuing  the  heat  at 
Uie  same  temperature,  it  fuses  to  a  limpid  liquid. 

DeUrmination  of  ihe  amount  of  expantion  which  paraffine  vndergoes  when 

it  pane*  from  ike  solid  condition  at  142°  F.  to  the  li^id  condition  at  the 

lamt  temperature. 

Tabes  of  known  weight  and  capacity  were  exactly  filled  with  melted 

paraffine  at  142°,     They  were  then  allowed  to  cool ;  the  cavity  produced 

by  contraction  was  accurately  filled  with  mercury,  which  was  weighed 

taid  the  capacity  of  the  cavity  deduced  therefrom.     The  results  were 

concordant  and  satisfactory.     Thus  it  was  found  that  Tolume-slOO  at 

80°  F.  becomes,  in  the  fluid  condition,  at  142°  F. :— 
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0  Jediice  that  a  volume  of  paranine=100  at  SST.  will 
7  at   14^' F.  in  the  fluid  state;  and  if  we  Bubtraet  the 
i-een  :il'°  and  142°  F.  of  the  solid,  wo  find  that  the  actual 
lie  semisolid  pamfiine  in  paesiiig  into  the  perfect  liquid  will 
he  volumn  lUO  at  32°  taken  ns  the  starting-pojot. 

o/  the  coe^cimt   of  txpainion   of  Uqiiid  paragine  b^wrtn 

0  was  heated  iii  tubes  of  known  weight  and  eapadty  in  a 

tic,  and  the  weight  of  parafRue  whit-h  eiutled  between  any 
■  iif  leiii|iiTriture  was  determined.       Spediic-gravity  flasks 

mIii|ijhts  were  found  to  be  unsuitable  for  the  detennin»- 
iiit  of  Ihi'  dilli.'ully  of  uniformly  heating  the  mass  of  liquid 

Many  III. tiTQpls  were  made  to  dettirmine  the  inereaae  of 
\^itli   Ihi-  li>iii]ieraliire,  but   thu   results  were  not  KaHsfa*^ 
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0°C.)  at  Tarioua  tempentures,  and  the  specific  gravities  eorreaponding 
thereto  (sp.  gr.  at  32°  F.=-921). 

100  volnmes  at  32°  F.  become 


100-8»65at    flOORClS'-SSC).  Sp.gr. 

913 

102-4591 

100°  F.  {37*-C  C). 

899 

105-3215 

120°F.  (48°-85C.).       ., 

874 

1100974  , 

142'F.  (Olo-llC).      „ 

884  solid. 

113-8447 

142'F. 

799  liquid 

117-8135  . 

200°F.  (93°-3C.). 

766 

123-9717  , 

300"  F.  (148°-8  C).       „ 

730 

130-1297  , 

400' F.  (205^-5  C).       „ 

706 

130-2879  , 

500°  F.  (200°  C). 

675 

142-4401  , 

600°F.(315°-5C.).      „ 

647 

150  9853  , 

744''F.?(395°-5). 

610 

It  is  thns  seen  that  paraffine  ia  a  body  which  undergoes  a  most  unusnai 
ezpiQsioD  in  pasaing  from  its  ordinatj  solid  condition  to  the  high  boiling- 
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posaeases.     I  do  iiut  remember  auy  other  aubatmce  of  t     J 
ii[it  which  occupies  at  the  boiling-point  ft  volume  which  is 
urge  again  as   the  volume  at  the  ordinary  lemperature, 
fuiying  figure  (p.  1 1.5)  I  have  introduced,  aide  by  aide  witb 
irve,  the  expanaioii  curves  of  mercury,  iodide  of  sliver,  and 
phosphorus,  one  of  the  moat  eipansible  liquids  known,  if 
1  bodies  as  ether,  bromide  of  ethyl,  acetate  of  methyl,  &c., 
Qt  of  which  is  below  100"  C,  and  which,  therefore,  could 
ntroduced  luto  Ihe  figure  for  comparison  with  a  body  which 
400°  C. 
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iients  showing  the  Paramagnetic  condition  of  Arterial 

18  eompiired  with  the  Dianiagne tic  condition  of  Venous 
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ir  condition  of  all  matter  has  been  well  ascertained,  aad  the 
same  matter  may  eJihibit  different  niogaetic  phenomena 
lio  medium  in  which  it  is  placed  is  a  point  of  conaiderable 
lifU  testing  for  such  results. 
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^te  thin  glus  veaael  for  holding  the  medium  in  which  the  testing-tube 
WM  tnupended  consiBted  of  an  ordinary  baakor  (fig.  2)  of   sufficient 

Fig.l. 


Fig-  2. 

intemal  capadty  to  allow  of  the  testing-tube  rotating  freely,  without  risk 
at  touching  the  sides.  The  mouth  of  this  vessel  was  closed  with  a  cork 
(flg.  3),  the  cork  being  pierced  with  two  glass   tubes,  to  which  were 


■ttadied  pieces  of  india-rubber  tubitig,  capable  of  being  closed  when 
required  by  means  of  strong  brass  clips.  This  cork  was  also  pierced  in 
its  c«itre  by  a  small  copper  wire,  bent  into  a  crook  at  its  lower  end,  to 
vhich  &e  testing-tube  was  suspended.  The  wire  was  sufficiently  long 
to  permit  of  the  testing-tube  being  raised  or  lowered  as  necessary  €or 
adjusting  the  ends  to  the  level  of  the  poles  of  the  magnet. 

The  bottles  used  for  defibrinating  (fig.  4)  were  wide-mouthed,  and 
enable  of  holding  two  pints  each  ;  they  were  well  corked,  and  the  cvricB 
wen  pierced  with  two  glass  tubes  with  india-rubber  tubing  attached, 
nmilar  to  the  cork  shown  in  fig.  3.  Brass  clips  were  also  supplied. 
Into  the  under  surbce  of  these  corks  were  driven  four  strips  of  wood 
mffioently  long  to  reach  to  the  bottom  of  the  bottle,  and  these  acted  as 
ncellent  defibrinating  rods. 
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atta<.'hed  to  the  bottom  of  one  of  thr  stoiv  b<»ttlfs,  aiul  ihcii  n-iiiovin^ 
the  clips,  which  were  replaced  as  soon  as  the  tube  (lig.  1 )  was  thoroughly 
fiUed  :  the  open  tube  (6)  was  then  speedily  tied  over  with  the  thin  india 
rubber ;  the  india-rubber  tubing  connecting  it  wdth  the  store  bottle  was 
then  carefully  removed,  and  the  aperture  (a)  tied  over  in  the  same  man- 
ner ;  the  tube  was  then  carefuUy  wiped  and  attached  by  the  suspending 
silk  to  the  crook  of  the  adjusting-wire. 

The  tube  (fig.  1)  was  first  filled  with  arterial  blood,  and  the  vessel 
(fig.  2)  having  been  filled  with  carbonic  acid  gas  and  placed  between  the 
poles  of  the  passive  electromagnet,  the  cork  with  testing-tube  attached, 
filled  as  above  described,  was  properly  inserted ;  by  means  of  the  adjust- 
ing-wire (fig.  3)  the  points  of  the  tube  were  made  level  with  the  points 
of  the  magnetic  poles ;  battery  contact  was  then  made,  and  the  tube 
(fig.  1)  took  up  a  diagonal  position,  pointing  north-east  by  east  and 
south-west  by  west.  The  tube  connected  with  the  bottom  of  the  store 
bottle  containing  venous  blood  was  now  connected  with  one  of  the  glass 
tubes  of  the  vessel  (fig.  2)  ;  and  the  clips  being  again  removed,  sufficient 
venous  blood  was  allowed  to  run  into  it  to  cover  the  tube  (fig.  1),  with 
the  exception  of  the  two  apertures  covered  with  india  rubber,  as  these 
marked  the  position  of  the  tube  when  immersed  in  the  blood.  The  tube 
immediately  assumed  the  direct  axial  line,  then  slowly  made  a  half  turn 
and  took  the  axial  position  again,  the  ends  of  the  tube  being  directed  to 
the  poles  of  the  magnet,  the  reverse  of  that  they  had  first  assumed. 

Experiment  No,  2. 

The  suspending-tube  was  now  removed  and  thoroughly  emptied  of  its 
contents.  It  was  then  filled  with  venous  blood  in  the  manner  described 
in  Experiment  No.  1,  and  suspended  as  before,  with  the  exception  that 
the  vessel  (fig.  2)  was  this  time  filled  with  atmospheric  air  instead  of  car- 
bonic acid  gas ;  the  tube  was  then  levelled  and  tested  by  battery  con- 
tact being  made  as  in  No.  1,  and  found  to  occupy  an  equatorial  position. 
Arterial  blood  was  then  allowed  to  flow  into  fig.  2  from  the  store  bottle 
in  the  same  manner  as  described  in  Experiment  No.  1 ;  the  slight  oscil- 
lations which  had  previously  existed  immediately  ceased,  and  the  vessel 
(fig.  1)  came  to  rest  in  the  equatorial  lino. 

Observations, 

For  the  proper  performance  of  these  experiments  special  attention 
should  be  given, 

1st,  to  the  proper  coagulation  and  removal  of  the  fibrin  ; 

2nd,  to  the  preparation  of  the  blood  without  contact  with  the  atmo- 
sphere; 

3rd,  to  the  employment  of  sufficient  battery  force,  not  less  than  16 

Grove's  cells. 

1st.  It  is  very  necessary  that  the  fibrin  be  properly  removed,  for  the 
liquor  sanguinis  and  corpuscles  constitute  together  a  medium  of  con- 
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ity,  in  which  the  testing-tube  has  to  rotate ;  and  in  cal- 
egree  of  force  which  eiiats  in  the  blood,  as  shown  by  the 
movemeata  of  the  tube  under  the  influence  of  the  magnet, 

consequently  any  fibrin  that  has  not  been  removed  must, 
igree  in  which  it  increases  the  viscidity  and  density  of  the  ' 
the  resistance  to  the  movements  of  the  tube,  and  so  intei^ 
manifestation  of  results. 

eserving  the  blood  from  contact  with  the  atmosphere  any 
ahysieal  character  from  such  source  is  prevented, 
ir  the  reason  that  the  paramagnetic  force  in  arterial  blood 
jpon  the  amount  of  oxygen  it  contains,  and  the  diamag- 
vonous  blood  upon  carbouic  acid,  it  is  e\-ident  that  the  faroa 
-tube  as  opposed  to  the  force  in  the  suspending  medium 

w  considerable.     It  is  therefore  essential  that  the  l»ttery- 
«  of  sufficient  power  to  dmthp  these  forces  to  the  greatest 

t. 

g  the  foregoing  paper,  in  repeating  the  experiments,  it  has 
at,  for  the  due  performance  of  Ihem,  the  blood  should  be 
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sod  compatiiig  tbe  integnl  as  extended  over  an  area  bounded  by  the  four 
atraight  liuee  thua  rapreaented,  we  have 

f ''f'Pi.d,=  f ''■  f  ■  'vd^di+r^  C  '''vd,di 

After  I  had  diioorered  this  formula,  I  found  that  it  had  been  already 
given  in  a  memoir  by  Dr.  Winckler  in  the  ^enna  TransactioDs  for 
1862.  This  mem<Mr  treats  of  the  transformatioa  of  double  integrals 
between  fixed  limits,  and  seems  to  me  one  of  great  interest  and  import- 
sioe.  My  preaent  object  is  to  give  two  formule  for  the  moltiplicaHon 
of  definite  integrals  vhich  will  not  be  found  in  Dr.  Winckler'a  paper. 


The  use  of  these  formulte  is  easily  seeu. 


December  17,  1874. 
JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 
The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 

The  following  Papers  and  Communications  were  read : — 
I.  "  On  Polishing  the  Specula  of  Reflecting  Telescopes."     By  W. 

L488ELL,  F.R.S.,  V.P.B.A.S.     Received  November  11,  1874. 
(Abstract.) 

The  object  of  this  paper  is  to  describe  a  method  of  giving  a  high  lustre 
aDd  true  parabolic  cur>-e  nith  ease  and  certiunty,  by  appropriate  ma- 
(Junery,  to  the  surfaces  6f  the  specuU  of  large  reflecting  telescopes. 


t'olishing  the  Specula  of  Refiecting  Telescope*.     [Dec.  17j] 

9  remembered  that  many  years  ago  Mr.  Laaaell  invented,  anflj 

I  the  eighteeuth  volume  of  the  Memoirs  of  the  Boyftl  Astn» 

Kety,  a  machine  for  polishing  5p(;cii]a.     It  is  no  part  of  tba 

I  paper  to  diaparag^  or  siipersfde  that  machine,  ae  with  i| 

ed  many  specula  sensibly  perfect,  some  of  which  are  nowiw 

1,  in  whose  surfuccs  he  can  find  no  imperfection  what«vflrj 

e  should  vainly  attempt  to  improve;  but  it  possesses  scorcalf 

ligh  for  polishing  a  two-foot  speculum,  though  the  apecult 

la  the  telescope  of  that  siae  whith  ho  took  out  to  Malta  ik! 

|)ohshed  with  thivt  machine.     Indeed  the  first  surfaces  ou  tb^ 

3cula  of  the  telescope  taken  ovit  to  Malta  on  his  last  eipedi- 

|)tained  in  the  same  way  ;  but  it  was  with  great  difficulty,  aii4' 

?  machine  broke  down  hopelessly,  the  result  of  which  nff 

fction  of  the  present  one  described  in  the  paper  now  preBentej) 

But  reference  must  be  had  to  the  paper  itself,  and  to  thfj 

?h  accompany  it,  for  an  adequate  description.  J 

Bachine  there  may  possibly  be  found  nothing  very  essentiaS^ 

■tains  parts  adopted  from  others  and  modiliod,  the  prindpill 

;  a  melhod  of  giving  a  ri^ilar  and  gently  controlled  axiat! 

e  polisher  while  it  is  undergoing  the  various  other  motiowl 
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through  ccKuidemUe  duw^s  of  temperature,  and  renewing  the  surface 
lor  repeated  polishinga,  are  also  described.  The  mode  of  construction  of  a 
bed  <tf  hooea  for  bringing  the  curve  of  the  speculum  back  to  the  sphere, 
if  it  should  happen  to  have  gone  bejond  the  parabola  in  the  polishing, 
witiiont  reverting  to  the  emery-grinder,  is  also  explained ;  and  a  word 
or  two  is  added  respecting  the  treatment  of  the  speculum  when  finiabed. 


II.  "  Note  on  the  Vertical  Distribution  of  Temperature  in  the 
Ocean."     By  J.  Y.   Buchanan,  Chemist  on  board  H.M.S. 
'  Challenger.'     Communicated  by  Prof.  A.  W.  Williamson, 
For,  Sec.  R.S.     Received  November  11,  1874. 
From  newspapers  and  other  reports  which  have  been  received  by  late 
nails,  it  appears  that  the  distribution  of  temperature  in  the  ocean  is 
occapyjng  the  attention  of  a  cert&ia  portion  of  the  scientific  public,  and 
even  giving  rise  to  considerable  discussion.     The  observations  made  on 
board  this  ship,  and  more  especially  in  the  Atlantic,  have  furnished  the 
greater  part  of  the  material   on  which  the  various  spoculations  have 
been  foimded.     It  appears  to  me  that  one  point  suggested  by  these 
cibaervations  has  not  received  sufficient  attention  from  those  who  have 
written  and  spoken  on  the  subject :  I  mean,  the  effect  of  the  changing 
seasona  on  eea-water.     Consider  the  state  of  the  water  at  and  near  the 
Surface  of  the  ocean,  somewhere  not  in  the  tropics.     To  bo  more  pre-, 
cise,  let  us  suppose  that  we  have  taken  up  our  position  in  the  middle  of 
the  North  Atlantic,  somewhere  about  the  30tli  parallel.    This  part  of 
the  ocean  is  not  vexed  mth  currents,  and  affords  the  best  possible  field 
for  the  observation  of  the  phenomenon  in  question.    The  whole  ocean  en- 
closed by  the  20th  and  40th  parallels  of  north  latitude  and  the  meridians 
of  30°  and  60°  west  longitude  forms  one  oceanic  lake,  not  affected  by 
the  perturbing  influence  of  currents  or  of  land,  and  where,  therefore,  the 
true  effect  of  differences  of  atmospheric  temperature  on  the  waters  of 
the  ocean  may  be  most  advantageously  studied.     Let  us  assume  the 
winter  temperature  of  the  surface-water  to  be  60°  F.  and  the  summer 
temperature  t«  be  70°  F.     If  we  start  from  midwinter,  we  find  that,  as 
■nnuner  approaches,  the  surface-water  must  get  gradually  warmer,  and 
that  the  temperature  of  the  layers  below  the  surface  must  decrease  at  a 
very  rapid  rate,  until  the  stratum  of  winter  temperature,  or  60°  F.,  is 
reached ;  in  the  language  of  the  isothermal  charts,  the  isothermal  line  for 
degrees  between  70°  F.  (if  we  suppose   that  we  have  arrived  at  mid- 
summer) and  60°  F.  open  out  or  increase  their  distance  frum  each  other 
H  the  depth  increases..    Let  us  now  consider  the  conditions  after  the 
■nmmer  heat  has  begun  to  waver.     During  the  whole  period  of  heating, 
the  water,  from  its  increasing  temperature,  has  been  always  becoming 
lighter,  so  that  heat  communication  by  convection  with  the  water  bolow> 
bu  been  entirely  suspended  during  the  whole  period.    The  heating  of 
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r  has,  however,  had  another  effect,  besides  incmwing 

I.  liy  evapomtioD,  rendered  it  denser  than  it  was  before,  . 

raperftture.     Keeping  in  view  this  double  effect  of  ths 

I  the  aurfao!- water,  let  us  consider  the  effei^t  of  the 

t,     Tfie  superficial  water  hsHng  asBiimed  the  atmo- 

Iture  of,  gay,  *>0°  F.,  will  sink  through  the  warmer  wat«r 

t  reaches  ths  stratum  of  water  haviDg  the  same  tempera 

I  Arrived  here,  however,  although  it  has  the  same  tem- 

lauiToundiDg  water,  the  two  are  no  longer  in  equilibrium, 

phich  has  come  from  the  surface,  has  a  greater  density 

r  at  the  same  temperature.     It  will  therefore  not  bo 

I  stratum  of  the  same  tem{)erature,  &a  would  have  been 

water ;  but  it  will  continue  to  sink,  carrying  of  course 

■pcrature  with  it,  and  distributing  it  among  the  lower 

T-  water.     At  the  end  of  the  winter,  therefore,  and  ]u«t 

lier  heating  recommences,  we  shall  have  at  the  surhoe 

k  stratum  of  water  having  a  nearly  uniform  temper*- 

iiTid  below  this  the  temperature  decreasing  at  a  consider- 

Ipid  rate  than  at  the  termination  of  the  summer  heating. 

n  iurface-wdUr,  'the  temperature  of  which  riaee 

;  t-emperature  (following  thus,  in  direction  at  least. 
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,)  the  aliglitly  concentratod  water  dj<)ceniling  from  the  sarface  aa 
8  winter  approaches  does  not  meet  water  oE  greater  density  at  the  same 
mperature  tium  its  own.  TJafortunately  the  determination  of  the 
■aeific  grarity  of  water  belnw  the  surface  is  much  leas  simple  than  that 

the  temperature ;  for  although  we  hare  an  instrumeat  which  ^ves, 
miiii  ukj  roqoired  degree  of  accuracy,  the  density  of  the  water  at  any 
qilji  in  exactly  the  same  way  as  the  thermometer  gives  its  tempera- 
ire,  the  reaulta  of  the  observations  are  composed  of  three  factors,  which 
ipend  on  the  temperature,  the  pressure,  and  the  talinitij.  By  sending 
iwn  a  thermometer  along  with  it  we  might  dear  the  result  for  tem- 
nature ;  by  noting  the  depth  we  might  clear  for  pressure ;  but  the  result 
» deared  would  not  represent  the  salinity  of  the  water  at  the  depth  in 
Motion,  but  the  average  excess  of  salinity  of  the  column  of  water  above 
,  over  or  under  the  mean  salinity  assumed  for  sea-water  in  the  calculo- 
m  of  the  pressure  exerdsed  by  a  column  of  it.  There  remains,  there- 
m,  nothuig'for  it  hut  to  fetch  a  sample  of  water  from  each  depth,  and 
stennine  its  specific  gravity  on  board.  As  this  is  an  operation  which 
tkea  up  some  time,  the  number  of  "  serial  specific-gravity  "  deterraina- 
aa  is  comparatively  small. 

The  following  are  the  results  of  two  which  were  obtdned  on  the 
oyage  between  Bermuda  and  the  Azores.  The  results  show  the  specific 
Tuntj  at  00°  F.,  that  of  water  at  39°'2  F.  being  taken  as  unity. 

I.  was  taken  on  the  18th  June,  1873,  in  lat.  35°  7'  N.,  long.  52°  32"  W. 

IL  was  taken  on  the  24th  June,  1873,  in  lat.  38°  3'  N.,  long. 
W  19'  W. 

For  comparifion  I  give  one  equatorial  and  one  South- Atlantic  "  serial 
ipecific-gravity  "  determination. 

ni.  was  taken  on  the  2Ist  August,  1873,  in  lat.  3°  8'  N.,  long. 

IV.  WM  taken  on  the  3rd  October,  1873,  in  lat.  26°  15'  3.,  long. 
a"56' w. 


Depth 

Specific  graWty  at  «0°  F. 
Distilled  water  at  39°-2=l. 

I. 

n. 

m. 

IV. 

0 
60 
100 
160 
200 
250 
300 
400 
600 

1-02712 

1-02701 
1-02683 

102604 

1-02684 

102677 
1-02641 

l-02'008 

1-02591 
1-02658 
1-02643 

1-02620 

102610 
I-02C29 

1-02703 
1-02682 
102649 

1-02608 

1-02573 
1-02554 

B^B^H 
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trures  iu  the  Table  it  will  be  seen  that  iu  that  part  of  tlw 
-i-iBc  gravity  of  the  waler  in  summer  decreases  from  tlie 
\  ards.     Ah  a  rule  it  attains  an  inferior  limit  at  a  depth  of 

L-fore,  the  stratum  of  intermixture  extends  down  to  500 
this  may  be  said  also  to  be  the  depth  to  which  the  aun's 
le  surface  penetrates.   The  results  in  column  III.  show  ibe 
■lueuon  of  ihe  surface-water  being  specilically  lighter  than 
ow  it,  and  that  under  an  equntonal  sun.     The  position  uf 
vi'ns  peculiar,  inasmuch  a«  it  wm  within  line  of  aeparatioo 
(iuiuea  and  the  equatorial  currents.     AU  along  the  equJi- 
ihe  water  tit  50  and  100  fathoms  was  found  to  be  speci- 
than  either  at  the  surface  or  that  at  greater  depths.     All 
n  or,  however,  a  current  runs  with  great  velocity ;  and  1  h«« 
•■rred  that  strong  Burfttce-curreuts  introduce  considentUe 
(ito  the  specific  gravity  of  the  water  near  the  surface.     Thl 
ruater  specific  gravity  at  100  fathoms  conspires,  of  courM 
nail  yearly  range  ttf  temperafure.  in  preventing  verticai 
lie  above  described  manner.      Column  IV.  shows  a  roturn 
rii  hemisphere  to  a  state  of  things  almikr  to  that  which 
Xorth  Atlantic. 
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In  &0  discussion  of  oceanic  phenotneiia  too  much  atteation  i-t  usiuilly 
paid  to  tha  great  ciurents.  Wbea  it  is  wished  to  study  the  pbeuoinua:! 
due  to  temperatore,  or  to  any  single  wmse,  the  effect  o£  the  wiads,  which 
is  seen  in  ita  moat  intense  form  in  the  orean-curreiits,  should  he  elimi- 
nated aa  £ar  H  poasible ;  which  in  this  case  can  only  bu  done  by  x^lcctiag 
compantiTely  motionless  seu,  like  the  one  which  I  have  meutioacd  in 
thfi  North  Atlantic*.  When  the  effect  of  atmospheric  climate  hsa  been 
studied  on  the  ocean  at  Urge,  it  would  thou  be  proper  to  apply  .the 
experience  gained  to  the  consideration  of  the  more  complicat«(l  phe- 
nomena of  the  currents, 

I  am  at  present  engaged  in  a  detailed  cousideration  of  the  temperature 
and  specific  gravity  results,  principally  in  the  direction  above  indicated, 
and  hope  akorUj  to  be  able  to  send  it  home  for  publication. 


III.  "  Preliminary  Note  upon  the  Brain  and  Skull  of  Amphioxua 
laneeolatus."  By  T.  H.  Huxley,  SecR.S.  Received  De- 
cember 17,  1874. 

Tho  singular  little  fisb  Ampkioa-us  laneeolatiu  has  been  universally 
n^pKrded  as  an  extremely  anomalous  member  of  the  Vertebrate  series,  by 
noBon  of  the  supposed  absence  of  renal  oi^;ans  and  of  any  proper 
skull  and  btwn.  On  these  grounds,  chiefly,  Agaaaiz  proposed  to  separate 
it  frooL  all  other  fishes,  and  Haeckel,  going  further,  made  a  distinct  divi- 
non  of  theTert«b«ta(j4i;ronio)  for  its  reception;  while  Sempert,iu  a  lately 
published  paper,  separates  it  from  the  Yert«bmta  altogether. 

In  a  recent  communication  to  the  Linnean  Society,  I  havo  deHcribcd 
what  I  believe  to  be  the  representative  of  the  ducts  of  the  Wolffian  bodies, 
«r  "  primordial  kidneys  "  of  the  higher  Vertebrata,  in  Amphioxut ;  and  1 
propose,  in  this  preliminary  notice,  to  point  out  that  although  Amphiiu^is 
"iiiM  no  completely  differentiated  brain  or  skull,  yet  it  possesses  very  well- 
Xnarked  and  relatively  large  divisions  of  the  cerebro-spinal  nervous  axis 
auid  of  the  spinal  column,  which  answer  to  the  encephalon  and  tho 
vsanlom  of  tho  higher  Yertebrata. 

The  oral  aperture  of  Amphio.-cia  is  large,  of  a  long  oval  shape,  aud 

■  It  will  ba  nm  Uut  the  principle  that  the  drpth  to  vhich  the  efTpct  of  tlic  sun's 
Vhi  pnwtntca  depends  on  the  jearly  range  of  tempereture  oF  the  wattT  al  tlie  siir- 
tmok,  «ipUuiitha  preamoe  of  the  large  body  of  oompsntiTel;  warm  waira-  in  the  North 
Ailintie,  the  aziiteDCB  »f  which  bae  been  luiuUf  uonbed  to  an  aniitiied  reSuj  or  bnck 
Witsr  of  IIm  Gulf-otnaiD.  The  warm  irater  ii  due  to  no  eitmneoue  cause,  but  is 
tha  natiml  effeot  of  the  oondition*  of  ollniste  at  the  surface  ;  and  the  effect  of  these 
■Hfjttinw  of  Blitnatd  are  ao  appiuaiit  in  the  temperature  of  the  water,  juet  becnnae  it 
h  fraa  fnjm  the  induenoe  of  oceanic  eurrenta  and  eipoeed  to  the  elTecta  of  diniots 

t  "  Dia  StMtuoTenrandtschAft  der  Wirbelthiere  und  Wirbellosen,"  Arbeitem  aus  dem 
Md.-aM)toDi.  Inrtitnt  in  Wiinburg,  Bd.  ii.  1874.  p.  42. 
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fringed  by  tentaslea,  exttuna]  to  which  lies  a  lip,  nbich  is  (.-oiitiaiioua 
bdiind  with  the  rentro-lateial  ridge  of  the  body.  The  oral  chamber  is 
■paaoiu,  and  extends  back  to  the  level  of  the  juuctiou  between  the  sixth 
and  oerentii  myotomes  (fig.  A).  Here  it  is  divided  from  the  branchial 
cavity  by  a  peculiarly  constructed,  muscular  vilmn  palati,  the  upper 
attachment  of  which  to  thoTenttal  aspect  of  the  sheath  of  the  notochord 
Ees  Terticalty  below  the  anterior  angle  of  the  seventh  myotome. 

Eight  pain  of  nerves  are  given  oB  from  the  cerebro-spinal  aiia  as 
fax  as  this  point.  The  eighth,  or  most  posterior,  of  these,  which,  for 
convenience,  may  be  called  A,  passes  out  betneen  the  sixth  and  seventh 
myotomes,  and  runs  down  parallel  with  the  lateral  attachment  of  the 
Telum.  The  next  five  (g,f,  t,  d,  c)  pass  out  between  the  first  six  myo- 
tomes, and  are  distributed  by  their  dorsal  and  ventral  branches  to  those 
myotomes,  to  the  integument,  and  to  the  walls  of  the  buccal  cavit}-. 
The  foremost  two  nerves  (6  and  a)  pass  in  front  of  the  first  myo- 
tome, and  the  nen'e  a  runs  parallel  nith  the  upperside  of  the  noto- 
cfaord  to  the  end  of  the  snout,  giving  oS  branches  to  that  regiou 
of  the  body  which  lies  in  front  of  the  mouth.  This  nerve  lies  above  the 
eye-spot. 

In  the  Marsipobranch  fishes  Mg,viiie  and  Ammoeccln  (now  known  to 
be  a  young  condition  of  Pttromyzon)  a  velum  also  separates  the  buccal 
from  the  branchial  cavity  (figs.  B,  C,  D).  But  this  velum  is  in  connexion 
with  the  hyoidean  arch.  The  resemblance  of  the  buccal  cavity,  with  its 
tentacles,  in  Ammocatu  to  the  corresponding  cavity  in  Amphioxut  is  so 
close,  that  there  can  be  no  doubt  that  the  two  are  homologous.  In  the 
AmtiuKtita  there  is  a  hyoideau  cleft  which  has  hitherto  been  overlooked. 
The  auditory  sac  lies  at  the  dorsal  end  of  the  arch  and  above  the  dorsal 
attachment  of  the  velum.  The  latter,  thcreFuro,  corresponds  with  the 
auditory  region  of  the  skull,  and  the  iicne  h  should  answer  to  the  last 
of  the  pncauditory  cranial  nen-es,  which  is  the  portio  dura.  Assuming 
this  to  be  the  case,  though  the  detailed  homologies  of  the  cranial  nerves  of 
the  higher  Vertebrata  are  yet  to  be  worked  out,  it  follows  that  the  segment 
of  the  cerebro-spinal  axis  which  in  Amphioxat  lies  between  the  origin 
of  the  nerve  A  and  the  eye,  answers  to  all  that  part  of  the  brain  whi 
lies  between  the  origin  of  the  aevenih  nene  of  Petromyzon  and  the  optic 
nerve.  Consequently,  the  Uteral  walls  of  the  neural  canal  in  the  some 
i^^n  answer  to  that  region  of  the  skull  in  Fetromyzon  which  lies 
between  the  origin  of  the  seventh  and  the  origin  of  the  optic  nerve. 
Hence,  as  each  myotome  of  Amphioxus  represents  the  corresponding 
portioD  of  a  protovertebra,  it  follows  that  the  same  region  of  the  skull 
in  the  Lamprey  and  other  Vertebrata  represents,  at  fewest,  six  protover- 
tebra, almost  all  traces  of  which  are  lost,  even  in  the  embryo  c<aidition 
of  the  higher  Tertebrata. 

It  may  further  be  concluded  that  the  several  pairs  of  nerves  which 
leave  the  cerebro-spinal  axis,  between  those  which  answer  to  the  portio 
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optic  nerve,  in  Amjthk^Tus.  are  repreBented  by  ttie  tiiiA, 
d  aiith  pairs  of  cnuiial  nerves  of  the  higher  VertobwW. 

n  fart,  has  the  characteristic  course  and  distribution  of 

d  division  of  the  trigeminal ;  while,  without  at  present 
r  parallel,  it  is  easy  to  see  that  the  nerves  6,  c,  d,  e,f,  and 

respective  myotomea,  supply  the  requisite  materials  for 
into  the  oculomotor,  pathetic,  trigeminal,  and  abdac«na 

e  muaclea  of  the  eye  and  of  the  jaws,  in  the  more  differen- 

te  types. 

lart  of  the  cerebro-spinal  axis  of  Amphios^it  which  lies 
seventh  myotome  answers  to  the  prapauditory  part  of  the 

region  of  the  skull  in  them.     On  the  olber  hand,  from 
yotome  backwards,  a  certain  number  of  segments  answer    i 
iitory,  or  parachordal,  region  of  the  skull  of  the  higher    ' 

to  the  question,  how  many?  involves  sundry  considers-    i 
at  be  recollected  that  though  the  branchial  chamber  of  J 

corresponds  with  their  branchial  skeleton.     I'he  hnrnchial 
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■egment.  it  would  appear  that  this  i^egment  in,  in  the  main,  the  result 
of  the  chondrificatioD,  with  or  without  subsequent  ossification,  of  the  four- 
teenth protorertebra. 

There  ia  no  eTufence,  at  present,  that  the  eai^capKuIe  represents  a 
modification  of  any  part  of  the  vertebral  skeleton,  nor  that  the  trabeculio 
aie  KD.J  thing  but  an  anterior  pair  of  nsceral  aivhes.  And  if  these  parts 
have  nothing  to  do  with  centra,  or  archei<,  of  vertobno,  it  follows  that 
the  numerous  protovertebne,  which  lie  in  front  of  the  fourteenth  in 
Amphiaxta,  are  represented  only  by  muscles  and  nerves  in  the  higher 
Vertehrata. 

The  anteriw  end  of  the  cerebro-spinal  axis  of  Am.f\wxa»  answers 
to  the  lamina  ierminali*  of  the  thalamencephalon  of  the  higher  Verte- 
brata,  the  cerebral. hemigpfaerea  and  olfactory  lobes  remaining  unde- 
veloped. 

If  the  auditory  nen'e  is,  as  Gegenbaur  has  suggested,  the  dorsal  branch 
of  a  single  nerve  which  represents  both  the  porlio  dura  and  the  portia 
tHoOis,  the  auditoiy  oigan  of  AmpJiiikvut  is  to  be  sought  in  connexion  with 
the  dorsal  branch  of  its  eighth  nerve,  I  have  found  nothing  representing 
an  auditory  organ  in  this  position;  and  1  can  oidy  conclude  that  Auipkiana 
really  has  no  auditory  apparatus.  In  all  other  respects,  however,  itcon- 
foims  to  the  Vertebrate  type ;  and,  considering  its  resemblance  to  the 
early  stages  of  P^romyzon  described  by  Schulee,  I  can  see  no  reason 
for  removing  it  from  the  class  Pisces.  But  its  permanently  segmented 
ska])  and  its  many  other  peculiarities  suggest  that  it  should  be  regarded 
■a  the  type  of  a  primary  division  or  subclass  of  the  class  Pisces,  to  which 
the  name  of  Enlomoerania  may  be  applied,  in  contrast  to  the  rest,  in 
which  the  primary  segmentation  of  the  skull  is  lost,  and  which  may  be 
termed  Ifohcraiiia.  On  a  future  occasion  1  propose  to  show  in  what 
manner  the  skull  of  the  Uarsipobranch  is  related  to  that  of  the  higher 
Yartebrata,  and  more  especially  to  the  skull  of  the  Frog  in  ita  young 
tadpole  state. 

ESPLAKATION  OF  THE  FIGURES. 

A,  C,  D  >TB  disgnmmatic,  but  sfcunts,  rFprFEfutations  of  the  anterior  part  of  th« 
bodj  in  AtKpkicna  {A),  in  an  Jmmcurte  1'6  inch  long  (C),  aod  ia  a  (ullj 
grown  Jfnmoctrlt  G'T  incbn  long  (D).  B  i>  a  copy  of  the  furthciit  advanred  stage 
of  tfaa  joang  Prtnmyion  plaveri  eii  wcvks  after  tintrhing.  ae  figurrd  bj  Srhullze 
in  fail  memoir  on  the  developmrnt  of  that  fi»h.  The  Ogurea  iir«  magnified  to  the 
■■ine  Tvrtical  dinirnBion,  ao  bb  to  afford  amranBof  estimating,  roughlj.  tbe  Fhangea 
in  the  proportionul  growth  of  tbe  TariouB  partB  of  the  head  of  the  lampny  in  iti 
pmgreu  from  tbe  embrjonic  toward b  the  adult,  condition.  In  0,  the  brain  i*  already 
diBeimtiated  into  the  three  primary  Tegjcles  and  the  TwicleB  of  the  rerebral  hemi- 
■pbcrea,  though  the/  are  not  ahown,  the  whole  brain  being  merelj  indicated  by  tbe 
dark  ihading.  The  trabeeiils  (7r),  which  have  already  united  in  front,  are  indi- 
ated,  bat  not  Uie  aemilunar  etlmoidal  cartilage,  which  Ilea  above  and  behind  the 
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ii^i  npnnent  tba  anteriar  mjotoiueB  of  Ampiianu,  are  amnged  u 

otigation  of  the  head  of  Jmpkioxut  with  lint  two  lateral  fol<U  of  int*- 
.■ii  lia  out«d6  the  bases  of  the  tcutaolos  nod  an  continued  back  into 
iteral  ridges.     Tlio  rektJTe  shortening  uf  the  nolochord,  and  leagthsD — 
'egioD  of  Che  bram  which  lies  in  front  of  the  origins  of  the  optic  oei  I'l  ^  ■ 
ipared  -rilli  B,  is  remarkable. 

IrawD  in  aU  the  figure!  through  Uie  anterior  margin  of  the  na^l  ma^ 
mother  has  Ihe  ssjne  relation  to  the  ejes  (Op-Op);  and  ■  thir^ 
uses   through  the  region    of   the  uuditorj  sao   and  lijoideaik  arcfa^ 

,  mjotomea  of  AiapMoius;   My,  lajelon  or  spinal  cord  ;   Ch,  noh^^ 

received  fi-om  the  NaturalUts  attached  to  the  Transiiaj 
of- Venus  Expedition  at  Rodriguez.                         ■ 

Kutlriguei,  Nov.  2,1874. 
— 1  wrile  to  give  you  a  short  acioiiut  of  my  proceedings 
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others  might  have  eutin'Iy  removed  thex*.     1  found  amoiig.sl  these  about 
thirty  rings  of  the  traehea  or  tracheae 

Since  then  I  have  found  a  small  hook  in  another  cave,  to  which  it  was 
difficult,  from  the  small  size  of  the  entrance,  to  penetrate.  Into  this  also 
a  slit  or  deft  from  the  surface  had  led,  but  had  since  been  obliterated. 
In  this  I  found,  I  should  say,  seven  ''  sets "  of  bones  of  Solitaire. 
These  were  more  or  less  mixed  up  together  by  the  action  of  water ;  but 
they  were  still,  to  a  certain  extent,  in  groups,  each  group  being  those  of 
an  individual.  Amongst  these  I  found  a  perfect  skull,  with  maxillse 
attached,  and  the  three  parts  of  the  mandible  lying  close  by,  four  perfect 
and  several  injured  f urcula,  and  many  rings  of  trachese. 

I  propose  soon  to  try  my  fortune  in  a  small  marsh  near  here,  which  looks 
as  if  it  might  originally  have  been  a  lakelet  or  pond.  I  am  induced  to  do 
80  by  the  success  that  my  labours  met  with  in  a  similar  locality  in  Mau- 
litins.  I  have  said  "  near  here,"  but  this  is  a  slip  of  the  pen ;  I  should 
liave  said  "  near  my  encampment  at  the  caverns." 

I  have  found  an  immense  quantity  of  tortoise-bones,  from  which  I  shall 
only  make  a  selection  before  leaving.  I  have  also  exhumed  a  great  quan- 
tity of  bones  of  smaller  birds;  but  I  rather  hesitate  before  giving  a 
description  of  their  genera. 

I  am  afraid  that  I  cannot  send  any  bones  by  this  mail,  as  the  difficulty 
of  transport  is  so  very  great.  I  have  every  week  brought  back  a  few 
bones  of  Solitaire,  but  have  had  hardly  any  time  to  put  even  these  in 
gelatine,  without  which  operation  they  would  not  travel  with  any  degree 
of  safety. 

I  am,  dear  Sir, 

Very  obediently  yours. 
To  Prof.  Huxley,  Henet  H.  Slateb. 


Bodriguez,  Not.  3, 1874. 

My  d£ab  Sib, — A  mail  being  about  to  leave  the  island  by  H.M.S. 
*  Shearwater,'  I  now  send  you  some  account  of  my  proceedings  up  to  the 
present  time. 

I  have  searched  for  frogs,  more  especially  tree-frogs,  but  aU  the  natives 
of  the  island  tell  me  that  there  are  none ;  and  as  I  have  neither  heard 
nor  seen  them,  I  conclude  that  this  must  be  the  case.  With  regard  to 
lizards,  there  is  a  small  house-lizard  very  abundant.  It  belongs  to  the 
genus  Peripia,  and  is  very  probably  the  same  as  that  found  in  Mauritius. 
It  is  not  only  found  in  houses,  but  also  in  trees,  beneath  the  bark  of  which 
it  lays  its  eggs.  I  have  been  told  of  a  much  larger  lizard  which  inhabits 
a  certain  paot  of  the  island,  and  have  myself  searched  the  spot,  but  have 
been  unable  to  find  it.  I  have  also  offered  a  reward  for  a  specimen,  but 
have  not  yet  procured  one. 
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.s  been  the  CJiee  with  regard  to  another  liRard  which  live* 
nd,  a.  siua)l  island  lying  off  the  coa§t  of  Kodrigues. 
to  freshwater  fish,  there  are  said  to   be  four   kinds^ 

of  perch,  commonly  called  carp  here. 

of  eel,  in  most  points  agreeing  with  Anffuilla  mat^orata^ 

one  important  point  at  least.  It  undoubtedly  enters  tba 
a  the  specimen  which  I  have  was  caught  about  a  quarter' 

the  place  whence  we  get  our  drinking-water. 

of  Bkotrit,  a.  specimen  of  which  was  caught  at  the  siuM< 
■el.      This  fish,   however,  undoubtedly    enters  biacld^< 

of  Mttijilut.     I  have  my  doubts  na  to  whether  thia  8A: 

to  the  Arachnida,  I  have  collecteda considerable  quaatitf 
have  got  specimens  of  the  small  scorpion  which  ig  totj 
on  the  island. 

opendra  is  very  common ;  but  a  small  species  is  not  so,  and' ■ 
ceeded  in  procuring  one  specimen, 

fi\  &  vi>ry  ponsideraWe  quantity  of  insects,  more  eapemlly 
leoptera. 
lave  uot  been   able  to  find,  though  1  have  made  diligent 
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R<Klriguez,  NoTeinber  1874. 

Sib, — I  send  by  the  *  Shearwater '  to-morrow,  for  transmission  by  the 
mail  leaving  Mauritius  on  the  12th  instant,  a  packet  of  seeds  of  some  of 
the  plants  of  this  island;  and,  in  accordance  with  my  instructions,  I 
submit  the  following  short  report  of  my  proceedings  here  up  to  the 
present  date. 

I  have  paid  special  attention  to  the  Palms  and  Pandani.  Of  the  former 
there  are  three  species  indigenous — one  of  the  genus  Laiania,  and  two 
belonging  to  the  genus  Areca,  The  Pandani  present  much  greater  diffi- 
culty in  their  determination ;  and  I  do  not  yet  feel  in  a  position  to  fix 
definitely  the  number  of  species,  although  I  rather  incline  to  the  idea  that 
there  are  only  two  true  species.  My  collection  of  the  plants  of  the  island 
now  numbers  about  450  species,  of  which  about  three  fourths  are  Pheno- 
gams.  I  have  made  observations  with  the  view  of  discriminating  between 
the  indigenous  and  introduced  vegetation,  but  there  are  several  plants 
v^arding  which  I  am  doubtful.  I  have  not  yet  succeeded  in  finding  any 
marine  Phsenogams ;  hitherto,  however,  I  have  not  devoted  much  time 
to  the  marine  flora.  There  are  no  tree  ferns  on  the  island ;  at  least  I 
have  seen  none,  and,  as  far  as  I  can  learn,  none  of  the  inhabitants  have 
seen  any.  Ferns  are  represented  by  about  two  dozen  species ;  mosses 
and  freshwater  algSD  are  not  abundant,  but  lichens  are  very  numerous, 
both  as  species  and  as  individuals.  This  flora  is  by  no  means  so  exten- 
sive as  I  had  expected ;  but  the  survey  of  the  island  just  concluded  by 
the  officers  of  the  '  Shearwater '  shows  the  island  is  only  about  half  the 
size  it  was  previously  supposed  to  be,  it  being  only  11  miles  long  by  4 
miles  broad.  The  island  is  a  volcanic  one,  consisting  of  a  succession  of 
lava-flows,  radiating  from  one  or  more  foci  in  the  centre  of  the  island, 
and  now  worn  away  so  as  to  form  a  series  of  more  or  less  parallel  ridges, 
separated  by  deep  ravines.  These  lava-flows  are  composed  chiefly  of  a 
da^k  compact  basalt,  not  unfrequently  becoming  porphyritic,  and  com- 
monly exhibiting  a  marked  columnar  structure  ;  and  I  have  counted  as 
many  as  twelve  such  flows,  lying  one  above  the  other,  separated  severally, 
either  by  beds  of  conglomerate,  or  by  beds  of  laterite,  or  variously  coloured 
dayey  beds.  Granite  and  sandstone  do  not  occur  in  the  island.  At  the 
east  and  at  the  west  ends  of  the  island  occur  the  only  non-volcanic  rock 
in  the  island,  namely  coralline  limestone,  extending  in  huge  sheets  over 
many  acres  of  land,  and  also  occurring  in  detached  patches  on  the  top  of 
the  basalt,  often  nearly  a  mile  from  the  sea.  On  the  northern  and 
scathem  sides  of  the  island  it  does  not  occur ;  but  on  the  southern  side 
may  be  seen  some  raised  beaches,  marking  upheaval  there,  as  does  the 
condline  limestone  at  the  east  and  west  sides.  Zeolites  are  common  in 
the  basalt  in  many  places,  as  also  several  other  minerals.  The  whole 
rocks  of  the  island  are  permeated  by  iron.     This  report  is  very  brief ; 
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itained  from  entering  into  details  regarding  the  botAoy  aud 
ifil&nd,  leaving  that  for  the  full  report  to  be  given  in  on 
trust,  however,  the  above  is  Buflicient  to  show  that  I  have 

I  am,  Sir, 

Touts  faithfully, 
■y  of                                              la.  Batlky  Balfour. 

ml  Soeiety. 

then  adjourned  over  the  Christmas  KecesH,  to  Thursday, 
75. 

Praaits  rtcrivtd,  Ztrctmber  10,  1874.                       ^^^H 

— Socit'te   de   Mtyecine  et  de  Chirurgie.      McmoireB  *<t 
inB,  1874.  fasc.  1,  2.  8vo.  1874.                        The  Society. 

1874.]  Presents.  187 

Beports  &c* 
Gunbridge  [U.S.] : — ^Anderson  School  of  Natural  History  at  Penikese 
Island.     Origination  and  Progress.  Report  of  the  Trustees  for 
1873.  8to.  1874.  *  The  Trustees. 

Harvard  "University: — Catalogue,  1873-74.  12mo.  1874.  Seport 
of  the  Committee  of  the  Board  of  Overseers  for  the  year  1872-73. 
8vo.  1874.  Annual  Beports  of  the  President  and  Treasurer, 
1872-73.  8vo.  1874.  The  University. 

Museum  of  Comparative  Zoology.  Annual  Beports  of  the  Trustees, 
1872,1873.  8vo.  ^o«tow  1873-74.  Bulletin.  Vol.  HI.  No.  9, 10. 
8vo.  Cambridge,  Illustrated  Catalogue.  No.  7,  Echini.  Part  4 ; 
No.  8,  Hassler  Expedition,  I.  4to.  1874.  The  Museum. 

London  : — Meteorological  Office.  Quarterly  Weather  Beport.  1871, 
Part  4 ;  1873,  Part  3.  4to.  Hourly  Headings  from  the  Self- 
recording  Instruments  at  the  seven  Observatories  in  connexion 
with  the  Office.     Jan.  to  May  1874.  folio.  The  Office. 

Nautical  Almanac  and  Astronomical  Ephemeris  for  1878.  8vo.  1874. 

The  Admiralty. 
St.  Bartholomew's  Hospital.     Beports,  edited  by  J.  Andrew  and 
Thos  Smith.  Vol.  X.  8vo.  1874.  The  Hospital. 

Philadelphia : — Board  of  Public  Education.  Eifty-fifth  Annual  Beport. 
8vo.  1874.  The  Board. 

Washington : — Smithsonian  Institution.  Annual  Beport  of  the  Board 
of  Begents  for  1872.  8vo.  1873.  The  Institution. 

Wellington : — Colonial  Museum  and  Geological  Survey  of  New  Zea- 
land. Eighth  Annual  Beport.  8vo.  1873.  Meteorological  Beport, 
1873.  8vo.  1874.  The  Museum. 


^all  (Dr.  B.  S.),  E.B.S.     Screw  Coordinates,  and  their  applications  to 
problems  in  the  dynamics  of  a  rigid  body.  4to.  DvMin  1874. 

The  Author. 

Bftstian  (Dr.  H.  C),  F.B.S.  Evolution  and  the  Origin  of  Life.  12mo. 
London  1874.  The  Author. 

Brunton  (Dr.  T.  L.),  F.B.S.  On  Digitalis,  with  some  observations  on 
the  Urine.  12mo.  London  1868.  On  the  Pathology  and  Treatment 
of  Shock  and  Syncope.  8vo.  On  the  use  of  Artificial  Bespiration 
and  Transfusion  as  a  means  of  preserving  Life.  8vo.  1873.  Action 
of  Mercury  on  the  Liver.  8vo.  On  the  Chemical  Composition  of 
the  Nuclei  of  Blood-corpusdes.  8vo.  On  the  use  of  Nitrite  of 
Amyl  &c.  8vo.  The  Author. 

Campbell  (Capt.  J.  B.)  Bange-finding  for  the  service  of  Artillery.  8vo. 
London  1874.  The  Author. 

Carpenter  (Dr.  W.  B.),  F.B.S.  Further  Inquiries  on  Oceanic  Circular 
tion.  8vo.  London  1874.  The  Author. 


Presents. 


[Dec.  IT, 


■F.B.S.     The  Dusceut  of  Klau,  and  Selection  in  relatioa  Ui 

loud  Edition.  12nio.  London  1874.  The  Author. 

.  P.  D.)      Jubilee  Cbronicon :    a  Volodictory  AddreM 

a  the  occasion  of  retiring  from  the  Chair  of  the  Medico- 

■.-nl  Society.  8vo.  Edinbunjh  1874.  The  Author. 

.  J.),  I''.B.S.     Remarques  sur  1e  Minerai  d'^taia  detii- 

I  Cornwall,  traductiou  par  Zeiller.  8vo.  I'Oru  1874. 

The  Author. 
iii)  Del  Dieterosi^opio,  micoudii  comuiiicazione.  Svo. 
I.  The  Author. 

S.     Anatomy  of  the  King  Crab.  4to.  London  1873. 

The  Author. 


DtMmbcr  17,  1874. 

Katuralists'  Society,     Proceedings,  1870.  May  to  December. 
.  Part  2.  8to.  The  Sodety, 

I- Asiatic  Soi'iety  of  Bengal.     Journal,  1873.  Part  2.  No. 
iPart  1.  No.  1,  2  ;  Part2.  No.  1.  Svo.     Proceedings,  1874. 
The  Society, 
■  Erdkiindp-      Jnhrewberit'ht   10.   11.    Wit 


er. 


187  L]  /Vr.sr///.v.  \:V.) 

Obs«>rvatioLis,  l{ep(>rts.  Sic. 

Boston  [U.S.J  : — Board  of  Eiucatiou.    Thirty-seventh  Annual  Keport. 

8vo.  1874.  The  Board. 

Board  of  State  Charities  of  Massachusetts.     Tenth  Annual  Report. 

Svo.  1874.  The  Board. 

Massachusetts  Board  of  Agriculture.    Twenty-first  Annual  Beport. 

Svo.  1874.  The  Board. 

Coixnbra : — Observatorio  da  XJniversidade.    Ephemerides  Astronomicas 

para  1876.  8vo,  1874.     Observa^oes  Meteorologicas,  1870-71, 

1871-72,  1872-73.  folio.  1872-1874.     Determina^oes  absolutas 

mensaes  da  Forga  horisontal,  declima^ao  e  inclinagao  Magnetica, 

1866-73.  foUo.  1874.  The  Observatorv. 

London: — ^Army  Medical  Department.    Beport  for  the  year  1872. 

Vol.  XIV.  8vo.  1874.  The  Department. 

Medical  Department  of  the  Navy.     Statistical  Heports  on  the  Health 

of  the  Navy,  1872,  1873.  2.vol8.  8vo.  1874.      The  Department. 
Montreal : — Geological  Survey  of  Canada.    Palseozoic  Fossils,  by  E. 

Billings.  Vol.  11.  Part  1.  8vo.  1874.  The  Survey. 

Paris: — ^I'Observatoire.     Atlas  Meteorologique.   Ann^s  1869,  1870 

et  1871.  folio.  1874.  The  Observatory. 

Yienna : — ^E.  k.  Central-Anstalt  f  iir  Meteorologie  und  Erdmagnetismus. 

Jahrbiicher,  von  C.  Jelinek  und  E.  Osnaghi.  NeueFolge.  Band  IX. 

Jahrgang  1872.  4to.   Wien  1874  (2  copies).        The  Institution. 


'-^igand  (B.)    Essai  sur  nne  mani^re  de  representor  les  Quantit^s  Ima- 
ginaires  dans  les  constructions  geometriques.  8vo.  Paris  1874. 

The  Author. 
^%!eden  (F.  W.  van)    Flora  Batava.    Aflevering  225,  226.   4to.   Lei/dm 
1874.  H.M.  The  King  of  the  Netherlands. 

termite  (Ch.)    Sur  la  Fonction  Expouentielle.  4to.  Paris  1874. 

The  Author. 
Mach  (E.)    Grundlinien  der  Lehre  von  den  Bewegungsempfindungen. 
Svo.  Leipzig  1875.  The  Author. 

Marie  (Maximilien)    Throne  des  Fonctions  de  Variables  Imaginaires. 
Tome  I.  Svo.  Paris  1874.  The  Author. 

Plantamour  (E.)  B^sum^  M^t^rologique  de  FAnn^  1873,  pour  Geneve 
et  le  Grand  Saint  Bernard,     dvo.  Geneve  1874.  The  Author. 

Tebbutt  (John)  Meteorological  Observations  made  at  the  Private  Ob- 
servatory, the  Peninsula,  Windsor,  New  South  Wales,  in  the  years 
1867-70.  folio.  Sydney  1874.  The  Author. 

Toner  (Dr.  J.  M.)  Contributions  to  the  Study  of  Yellow  Fever.  Svo. 
1873.  The  Author. 

Volpioelli  (Paolo)    Soluzione  completa  e  generale  mediante  la  geoix\fttn& 


Mr.  A.  H.  Garrod  on  the 

one  del  problems  reUtivo  alle  Corso  del  Carallo  sopn 
scaeeUere.  4to.  Rooia  1872.                           The  Author. 

naauseript  Memorial  from  the  President  and  Counril  to 
I.,  praying  that  observers  might  be  §ent  out  to  observe  ths 
f  Venus  in   1769.      Among  the  aignaturea  are  :— Lord 
P.E.S.,  Nevil  Mftskelyne,  Astron.  Eoya],  Gowin  Knight, 
in. 

jraa  on  Vellum,  with  scientific  aymbols  in  mai^^.     En-- 
r  the  Society  during  the  Presidency  of  the  Earl  of  Macclea^ 
p.  George  II.                              Presented  by  Dr.  Di»mond 

Points  connected  with  the  Circulation  of  the  Blood, 
at  from  a  Study  of  the  Sphygraograph-Trace."     By    ■ 
lARROD,  B.A.,  Fellow  of  St.  John's  College,  Cambridge, 
or  to  the  Zoological  Society.     Communicated  by  Dr. 

Circulation  of  the  Blood. 


141 


rieolar  sjatole  at  the  heart  and  the  closure  of  the  aortic  valve  dbes 
nurj  when  the  puLse-rate  is  constant,  and  varies  as  the  square  root  of 

ength  of  the  pulse-beat — being  found  from  the  equation  :ry  3=20  i^x, 
re4?=sthe  pulsenttte,  and  y=sthe  ratio  borne  by  the  above-named  part 
16  whole  beat. 

110  law,  in  a  somewhat  modified  form,  was  enunciated  bj  myself  in  a 
ir  published  in  the  *  Journal  of  Anatomy  and  Physiology '  (vol.  v. 
f)f  where  the  peculiarities  of  the  curves  taken  in  the  lying  posture 
ad  me  as  to  the  point  of  commencement  of  the  ventricular  systole, 
led  me  to  state  that  posture  had  an  effect  on  the  duration  of  the 
ike.  Such,  however,  is  not  the  case ;  for,  while  lying,  the  weight  of 
beart  is  apparently  sufficiently  great  to  neutralize  the  effect  on  the 
>  of  the  auricular  contraction,  and  to  make  the  thus  taken  trace 
36nt  in  the  rise  which  at  other  times  results  from  that  contraction. 
lU  events  if  this  assumption  be  made,  it  is  found  that  the  lengths  of 
tifforent  parts  of  the  beat  are  not  influenced  by  posture,  and  they 
e  exactly  with  the  above-stated  law. 

he  following  are  measurements  made  since  the  publication  of  the 
inal  paper,  which  tend  fully  to  confirm  the  above  statement : — 


• 

Number  of  times  the 

Calculated  ratio 

Pulse-rate. 

first  part  is  eontAincd  in 
the  whole  beat. 

of  first  part  to  nrhole 
beat  on  formula 

jy=20  Vi. 

46 

2-925 

2-93 

48 

2-8,  2-88 

2-885 

49 

2-85 

2-86 

52-5 

2-71 

2-765 

56 

2-63 

2-675 

57 

2-75 

2-66 

58 

2-65 

2-625 

60 

2-63 

2-59 

64-5 

2-556 

2-49 

69 

2-45 

2-4 

74 

2-28 

2-325 

79 

2-23,  2-275 

2-24 

80 

2-24375,  2-207 

2-225 

81-5 

2-2,  2-185,  2-093 

2-2 

84 

2-105 

2-176 

85 

2-09 

2-16 

86 

2-17,  2-053 

2-156 

88-5 

2-245,  2-275 

2-11 

90-5 

2-062 

2-1 

92 

2-12 

2-09 

92 

2-0875 

2-08 

94 

2-14125 

2-05 

OL,  xim. 
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e  length  of  the  interval  between  the  commenoemfltit  of 
i  the  dicrotic  rises  in  the  radial  artery  is  constant  for  aoy 
kte,  and  varies  as  the  cube  root  of  the  length  of  the  pulse- 
Bound  from  the  equation  xy'-=^4!i^x,  where  ar:=th©  pulse- 
f  the  ratio  borne  by  the  above-named  part  to  the  whole  beat. 
s  enunciated  in  the  paper  before  referred  to  as  read  before 
Bhy  myself,  and  published  in  its  'Proceedings'  (vol.  iriii. 
?  that  paper  was  read  a  fresh  series  of  nieasuremenie 
I  confirmed  its  accuracy,  and  pmctice  in  manipulation  has 
liy  limits  of  eiperimental  error  so  far  that  a  different  of 

Q  the  calculated  results  is  rarely  found,  j 

li]ig  Table  contains  some  of  the  more  recent  results  and  one    I 
Icareful  measurements  of  old  trac#s  ; —  1 


e-rete. 

Found 

CklauiAt«d  from 
equation  xw'=47t* 

ia-5 

t-l-5 

4-175 
3-825 
3-7875 

4-18 
3-8 
3-75 
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low  the  abore  law  exactly,  the  following  are  the  results  obtained  by 
■anring  the  carotid  tracings  : — 


PnlM-nta. 

Batio  borne  by  sphygmoeystole  to  whole  beat,  as 

Foand 
by  measurement. 

Calculated 
from  radial  equation. 

67 
68 
72 

77 
77 

2-899 
2-827,  2-6 
2-7144 
2-683 
2-694 

2-84 

2-8 

2-7 

2-69 

2-69 

In  another  sabject,  astat.  22,  the  following  are  the  results  : — 


77 
78 
85 

• 

2-6626 

2-676 

2-443 

2-696 
2-676 
2-44 

"With  regard  to  the  posterior  tibial  artery,  most  of  the  results  were 
lained  bj  the  employment  of  the  double  sphygmograph,  to  be  de- 
ribed  further  on,  in  which  the  superposition  of  the  simultaneous 
Bterior  tibial  trace  on  that  from  the  radial  artery  showed  that  the 
:<rval  between  the  commencing  primary  and  dicrotic  rises  b  the  same 
both.  The  following  are  a  few  independent  measurements  from 
kcinga  from  the  artery  behind  the  ankle : — 


Pulse-rate. 

Proportion  borne  by  first 

part  to  whole 

beat  in  ankle  trace. 

Proportion  borne  by 

first  part  to 

whole  beat  in  radial 

trace  (approximately). 

70 

73 

80 

82 

82-6 

88 

2-7 

2-676 

2-696 

2-4676 

2-617 

2-378 

2-76 

2-686 

2-626 

2-6 

2-496 

2-378 

CbroOary. — ^The  length  of  the  interval  between  the  primary  and 
oondary  rises  being  exactly  the  same  in  the  carotid,  radial,  and  pos- 
rior  tiUal  arteries,  which  are  three  vessels  at  very  different  distances 
■n  the  heart,  it  is  evident  that  the  length  of  this  interval  is  constant 
migkoui  the  larger  arteries,  and  must  be  of  the  same  duration  at  the 
fim  of  ike  aorta  that  it  is  in  the  radial  artery  at  the  wrist. 

u2 
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■[loaing  the  aphygmograph-trftce  upon  the  cardiograph-ttsce 
mlse-rat*.  a  comparison  can  be  made  betweea  the  duration 
it  pliysiologicai  changes  going  on  in  the  heart  aad  those 

fricular  and  arterial  systoles  are  continuous  can  be  ascer- 
■i-cisiou  by  an  indirect  method,  which  aloue  ia  possible  iu 
liject. 

.'■matious  given  in  Prop.  I.  and  Prop.  U.,  the  length  of  the 
fin   of  each  beat  in  the  cardiograph-  and  sphygnK^raph- 
-  calculated  with  facility  for  nay  value  of  .»-.'    From  the 
ve  given,  namely,  a-if=2D -^/Jaud  ^-^=47^^,  it  is  found 
h  of  the  arterial  systole  ia  shorter  than  the  cardiac,  as 
■fted,  because  the  cardiograph-trace  is  an  iudicatLon  o£  tie 
the  muscular  walla  of  the  heart,  and  not  of  the  contained 
■.iiise  a  certmu  t«uaion  mrfst  be  reached  by  the  intreven- 
at  the  commencement  of  the  systole  before  it  can  push 
.  valves. 
iDsyalole  lieing  therefore  shorter  than  the  cardiac  systole,  it 
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pulse-rate  and  becoming  7iil  when  it  is  170  a  minute,  which  may  be  fairly 
Gonoeiyed  to  be  very  near  the  limit  of  cardiac  rapidity  in  man. 

That  this  interval  (the  syspasis)  should  vary  so  considerably  in  length 
with  difEereut  pulse-rates  is  not  easy  to  explain  at  first  sight ;  never- 
theless a  careful  review  of  the  different  processes  which  are  in  operation 
in  the  heart  at  the  time  has  suggested  to  me  an  explanation  which  seems 
reasonable.  It  depends  on  the  fact  that  the  extreme  shortness  of  the 
diastole  makes  any  variation  in  its  length  have  a  marked  influence  on  the 
amount  of  blood  which  enters  the  capillaries  of  the  walls  of  the  heart, 
and  consequently  influences  the  amount  of  work  which  the  muscular 
fibres  of  the  ventricle  have  to  perform  in  emptying  their  interstitial 
ressels  before  they  can  commence  contracting  on  the  blood  in  their  con- 
tained cavity.  Experiment  shows  that  the  rapidity  of  the  pulse  does  not 
depend  on  the  pressure  of  the  blood  in  the  arterial  system*;  conse- 
quently the  length  of  the  syspasis  is  not  influenced  by  the  arterial  blood- 
pressure,  which  is  the  same  thing  as  saying  that  the  force  of  the  cardiac 
contraction  varies  directly  as  the  blood-pressure ;  for  then  the  muscular 
power  of  the  ventricular  walls  to  overcome  the  intramural  distention, 
varying  with  it,  prevents  its  duration  from  being  modified. 

It  has  been  my  endeavour  to  show  elsewhere  t  that  the  force  of  the 
heart's  contraction  is  modified  by  the  length  of  diastole,  var3dng  as  its 
square  root.  Such  being  the  case,  it  is  evident  that  the  length  of  the 
syspasis  must  vary  with  that  of  the  diastole,  though  not  to  the  extent 
that  is  found  to  occur.  But  the  diastolic  period  being  always  so  short, 
it  is  evident  that  the  longer  it  is,  the  more  thoroughly  does  the  heart- 
tissue  get  permeated  with  blood,  in  a  way  which  can  have  little  or  no 
influence  on  its  nutritive  power,  but  a  great  effect  in  modifying  the  length 
of  the  syspasis  in  the  direction  which  is  found  to  occur. 

Again,  referring  to  the  results  of  the  cardio-sphygmograph  observations 
pubUshed  by  me  in  the  *  Proceedings '  of  this  Society  (vol.  xix.  p.  318), 
that  paper  contains  a  Table  of  the  length  of  the  different  cardio-arterial 
intervals ;  and  if  from  the  first  cardio-arterial  interval,  as  there  defined, 
the  length  of  the  syspasis  be  subtracted  at  the  corresponding  rates,  it 
will  be  found  that  the  remainder  of  the  interval  is  of  exactly  the  same 
length  as  the  second  cardio-arterial  interval,  which,  on  the  assumptions 
made,  it  could  only  be,  as  both  the  systole  and  the  sCock  of  the  closure  of 
the  aortic  valve  are  propagated  along  the  arteries  from  the  same  point 
under  similar  circumstances.  The  following  Table  gives  the  lengths  of 
the  first  cardio-arterial  interval  from  which  that  of  the  syspasis  as  above 
determined  has  been  subtracted,  and  by  their  side  the  lengths  of  the 
second  cardio-arterial  interval,  as  copied  from  the  Table  in  the  communi- 
cation referred  to ;  tlieir  similarity  cannot  he  the  result  of  simple  coincidence^ 
as  they  are  derived  from  independent  sets  of  measurements. 

•  Journal  of  Anatomy  and  Physiology,  Nov.  1873. 
t  Ibid,  vol.  viii. 
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(i 
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•00239821' 

0 

■00233314' 

■00233342' 

4 

■002274' 

•00227425' 

1 

■00220541' 

■00220546' 

0 
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•00218745' 

1 

■00208455- 

■0020847 

4 

■0020185' 

■0020185' 

y 

■0019704' 

■0010729' 

mpletioD  of  the  cardio-Bphygmograph  tracing  abore  ra- 
las  my  endeavour  to  obtain  satisfactory  double  sphvgnio* 
3  from  arteries  at  different  distaiit'es  from  the  heart.  Two 
tcessful  attempts  auggeated  the  plan  which  has  proved  suc- 
iS  soon  evident  that  there  is  only  one  artery,  other  than  ths 
it  is  possible  to  manipulate  with  any  degree  of  facility, 
1  the  experimenter  is  the  subject  of  experiment.  This 
IpoBtorior  tibial  at  the  ankle,  where  it  runs  iu  the  inlerv*! 
1  malleolus  and  the  tuberosity  of  ihe  os  calcis,  just 
nial  calcaneal  hraucliea.  On  niyaeif,  this  artery 
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ordinary  sphygmograph,  diiYors  from  that  a(  the  wrist  in  mon'  than  oiif 
point.  The  primary  rise,  as  previously  mentioned,  is  less  abrupt ;  the 
following  fall  is  more  considerable,  and  is  not  broken  by  the  notch 
nearly  constantly  seen  in  wrist  traces  of  this  rapidity.  The  secondary 
rise  starts  from  a  lower  level  and  is  well  marked,  reaching  its  climax 
oonaiderably  nearer  the  next  primary  rise  than  in  the  wrist  trace.  There 
is,  howerer,  another  feature  in  the  early  part  of  the  secondary  rise  in 
the  ankle  trace,  which  deserves  special  attention  because  of  its  general 
oocorrenoe.  As  is  well  known,  in  wrist  traces  the  secondary  rise  com- 
mences promptly  and  is  quite  uniform  in  character,  but  in  ankle  traces 
there  is  nearly  always  a  short  horizontal  continuation  of  the  curve  im- 
mediately following  the  primary  fall,  the  point  of  departure  of  the  two 
lines  being  clearly  indicated  by  an  abrupt,  though  not  considerable,  change 
in  direction.  This  horizontal  portion  of  the  trace  is  not  of  any  con- 
sidenible  length,  being  in  a  pulse  of  70  a  minute  about  one  eighth  of  the 
whole  beat ;  it  is  followed  by  a  well-defined  secondary  rise,  which  is  much 
longer  and  more  gradual  than  the  primary.  Though  described  above  as 
hoarisontal,  this  short  interval  between  the  two  undulations  is  not  so 
always,  being  frequently  slightly  oblique,  sometimes  in  one  direction, 
sometimes  in  the  other.  When  its  curve  is  downwards  (that  is,  when  it 
tends  in  the  same  direction  as  the  primary  fall),  it  may  appear  to  be  part 
of  that  event,  which  would  then  look  as  if  broken ;  when  its  curve  is 
upwards  (that  is,  when  it  tends  in  the  same  direction  as  the  secondary 
rise),  it  makes  the  trace  appear  more  normal  in  comparison  with  that  from 
the  wrist. 

Having  now  explained  the  ankle  sphygmograph-trace,  in  considering 
the  simultaneous  wrist  and  ankle  traces  it  will  be  necessary  to  com- 
mence with  the  description  of  the  instrument  employed  to  obtain  them. 
A  drawing  of  it  from  above  is  seen  in  Plate  5.  fig.  1,  from  the  side  in 
fig.  2,  and  a  double  sphygmogram  is  given  in  fig.  4. 

Hu  double  sphymograph  is  constructed  from  two  of  the  ordinary  sphyg- 
mographs  of  Marey,  as  first  constructed  by  Breguet.  One,  that  employed 
in  taking  the  ankle  trace,  retains  all  its  original  parts,  except  the  side 
lappets  for  fixing  it  to  the  arm,  and  its  recording-apparatus  receives  the 
double  trace.  A  second  lever  is  fixed  in  connexion  with  it  by  two  up- 
rights so  placed  as  to  allow  the  axis  of  the  second  lever  to  be  parallel  to 
and  al>ove  the  one  belonging  to  the  instrument,  sufficient  room  being  left 
to  allow  the  latter  to  move  unobstructed  up  to  the  top  of  the  recording 
paper.  This  second  lever,  which  is  &  facsimile  of  that  used  in  the  sphyg- 
mograph,  is  placed  so  that  it  will  write  on  the  same  recording-paper  as 
the  first ;  but  its  position  is  reversed.  The  accompanying  sketch  (fig.  3) 
will  show  this  point,  it  representing  a  side  view  of  the  ordinary  knife-edge 
lever  npside  down — that  is,  with  the  surface  (s)  on  which  the  knife-edge 
ought  to  slide  uppermost.  The  object  of  this  arrangement  will  be  seen 
immediately. 

The  second  sphygmogroph  has  the  watchwork  removed^  «a  'Wf^  «i&  Vki^ 
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in  fast^ened  to  the  spring  that  presses  on  the  pul^e,  to 
n  sraaU  wire  loop  is  soldereit.  In  additiou,  a  small  piece 
pwed  into  the  nearer  of  the  two  holes  by  which  the  w»t*h- 
,  in  such  a  way  that  it  am  be  matle  to  revolve  with  diffi— 
o  instruments  are  fastened  together  bj  means  of  a  screWL 
I  foot-sphygmograph,  which  bind  a  brass  plate  in  that  facN 
V  ia  fixed  On  a  plate  o£  brass  wliich  is  attached  totj 
iustrument  furthest  from  the  watcbwork  in  the  manoeBS 
Kgure.    The  brass  platf  in  the  other  sphygmograph,  whidk-l 
n  the  side  of  the  body  of  the  instrument  close  to  tibv  | 
The  exact  position  of  these  additional  pieces  of  bras»'  i 
h  determined  by  the  direction  tliat  a  silk  cord  takes  wfaen^  | 
Kd  to  the  arbor-end  of  the  inverted  lover  mentioned  abora, 
Ithrough  the  loop  on  the  tip  of  the  spring  of  the  wrist* 

a  cord  has  to  be  parallel  to  the  sides  of  the  ankle-   | 

j,  when  the  two  instruments  are  fastened  together  with  ths 

«  to  one  another,  ] 

g  to  fake  a  double  trace,  the  nut  is  unscrewed,  and  tha 

ire  separated  from  one  another.     The  wrist- sphygmo- 

nd,  aa  usual,  on  the  right  arm.    The  silt  cord  attached 

?  wrist-pulae  lever  (the  upper  one  in  the  ankle- 

n  threaded  through  the  loop  at  the  tip  of  the  wriat- 

the  two  instruments  is  passed  into 
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Results  arrived  at  f ram  the  study  of  the  simultaneous  wrist  aiul 

ankle  tracings. 

In  employing  the  tradiigs  obtained  from  the  above  compound  instru- 
ment, two  objects  were  kept  in  yiew— firsts  to  find  the  interval  between 
the  commencement  of  the  primary  rises  in  the  wrist  and  ankle  curves ; 
and  uamdkf^  to  observe  whether  or  no  the  superposition  of  the  one  trace 
npon  tiie  otiier  verified  or  &lsified  the  statement  made  in  Prop.  III., 
iiiat  the  lengths  of  the  different  parts  of  each  element  of  the  curve  were 
die  same  in  ike  two  arteries. 

The  following  Table  contains  the  measurements  of  the  lengths  of  the 
intervals  between  ihe  commencement  of  the  primary  rise  in  the  wrist  and 
ankle  tnuangs  at  different  rapidities  of  pulse,  from  which  it  is  clear  that 
tins  interval  varies  very  slightly  vnthin  the  range  that  can  be  obtained, 
and  that  tibe  tendency  is  for  it  to  be  very  slightly  longer  in  the  slower 
poises. 


Sapidity  of 

1 
Length  of  interral  between  commenoement  of  sjstolio  rue     ' 

pulae. 

at  the  wnst  and  at  the  ankle. 

62 

•00116' 

occurring   14*08  times  in 

each  beat. 

63 

•00125' 

12-7 

»         >» 

67 

•001343' 

11-11      „ 

»»         >» 

f9 

•0013278' 

11-24      „ 

9)                  99 

70 

•001222' 

11-7 

99                  »♦ 

71 

•00136' 

10^2 

99                   99 

19 

•00124' 

11-41       „ 

99                   »» 

»» 

•0013' 

10-8 

9»                   99 

72 

•0012' 

11-7 

99                   9» 

f> 

•001206' 

11-62      „ 

99                   99 

79 

•001145' 

11-06       „ 

99                   99 

80 

•00126' 

9-96       „ 

99                   »9 

81 

•001233' 

10-37      „ 

99                   99 

82 

•001123' 

10-86      „ 

99                   99 

99 

•00122' 

10 

99                   99 

95 

•00122' 

8^67      „ 

99                   99 

98 

•001085' 

^•7 

99                  99 

99 

•00116' 

8^607    „ 

99                   99 

gives  an  average  length  of  '0012314  of  a  minute  for  all  the  rates. 

It  being  possible  to  estimate  vnth  considerable  accuracy  the  distance 
{ran  ihe  acnrtic  valves  of  the  spots  on  the  arteries  at  which  the  instru- 
ment is  usually  applied,  it  becomes  a  point  of  interest  to  determine  from 
the  facts  arrived  at  the  rapidity  with  which  the  primary  nndulation 
travels  from  its  origin  (the  heart)  to  the  peripheral  vessels.  The  radial 
artery  at  the  wrist  and  tibe  posterior  tibial  artery  at  the  ankle  are,  as 
nearly  as  can  be  determined,  29  inches  and  52||  inches  respectively  from 
the  origin  of  tibe  aorta  in  myself  (on  whom  all  the  tracings  have  been 
taken),  as  previously  mentioned ;  and  as  the  time  of  transit  ol  Vk<b  ^v<^ 

TOL.  xzni.  "B 
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varies  very  little  v/iih  different  rapidities  of  polte,  a  siDglc  eicainplp  may 
be  taken  to  illustrate  the  point  in  question.  Witft  the  heart  beating  100 
times  in  a  minute,  the  time  taken  by  the  primiry  ■wave  m  rcflcliiug  the 
wrist  (that  is,  the  length  of  the  first  caidio-rsdia)  interval  with  the 
syspasis  subtracted)  has  been  shown  in  a  prenona  Table  to  be  -0091875 
of  a  minute.  Adding  to  this  the  interral  between  the  radial  and  noklo 
jmmary  rise  at  the  same  rapidity,  which  is  very  nearly  -00110  of  a 
ininut«,  -0033475  of  a  miuut«  is  the  time  taken  by  the  systolic  wave  in 
travelling  from  the  heart  to  the  ankle.  But  if  this  wave  nent  the  tatn 
distance  to  the  ankle,  (52-5— 20  =  )  33'5  inches,  at  the  some  mt«  at  vhtoll 
it  roaches  the  ^-rist,  the  length  of  the  first  cardio-mallfolnr  interval  would 
bo  -0045(1375  of  a  minute  (29  :  52-5  :  :  21875  :  450375)  :  but  it  is  only 
'0033475  of  a  minute,  which  is  considerably  lees ;  consequently  the  toow 
miffmentt  in  rapiiHtij  as  it  gttsfurlhtrfrom  the  heart,  a  phenomenon  beyond 
my  power  to  explain. 

By  superimposing  the  wrist  trace  from  a  simaltaueous  sphygmognin 
on  that  from  the  ankle,  it  is  found  that  the  COmponentE  of  ea^  ape  of 
exactly  similar  duration,  though  the  peculiar  short  intenal  following  ths 
dicrotic  notch  in  the  latter  sometimes  complicates  the  results.  ThisexMt 
nimiJarity  in  length  of  tlie  different  elements  of  the  two  pulses  is  not,  at 
will  bo  found  by  those  who  attempt  to  measure  them  prncticallj,  nlf- 
<>videiit  from  the  tracings  themsehes  ;  because  the  one  bong  slighdj  late 
than  the  other,  and  the  ^vat-chwork  varying  in  rapidity,  giaduall j  inenw- 
ing  and  then  declining,  the  radial,  which  is  the  earlier,  is  sSghtlj  dw 
shorter  in  tlic  commencement  of  the  tmce  and  the  longer  tomrdi  ib 
end.  In  the  middle  of  the  reconling-paper  the  two  coincida.  Ifeiii^ 
therefore  be  said  that  the  compoiuid  sphygmograph-trace  is  sntiidj  in 
faiour  of  the  correctness  of  Prop.  Ill, 

Iq  conclusion,  the  following  is  a  sunimar}'  of  the  results  aniTed  at  in 
this  communication : — 

I.  The  lengths  of  the  different  elements  of  the  pulse-beat  bong  tb 
same  in  arteries  at  different  distances  from  the  heart,  the' radial  apih^ 
mograph-trace  expresses  their  duration  in  the  aorta. 

II.  The  cardiosystole  being  longer  than  the  sphygmosyitole  at  all 
possible  pulse-rates,  the  excess  in  the  length  of  the  former  jaxpteBBM  Ilia 
time  required  by  the  heart  to  reach,  from  a  state  of  rest,  a  syitoUc  p: 
sufficient  to  open  the  semilunar  valves.  This  inten-al,  termed  H 
is  constant  for  any  given  rapidity  of  cardiac  action,  and  rapidly  d 
OS  the  pulse  gels  quicker,  becoming  tiil  at  a  rate  of  170  a  minuta. 

III.  The  inten-al  between  the  commencement  of  the  primacy  p 
in  the  radial  and  that  in  the  posterior  tibial  artery  is  less  thui  mmld  be 
estimated  from  the  time  taken  by  the  same  wa\'e  in  travelling  from  Hw 
aortic  valve  to  the  radial  artery. 

The  woodcut  (p.  151)  will  assist  in  illustrating  the  mutual  rslatioiu  of 
the  different  component  parts  of  the  cardiac  revolution,  as  ita  diSerent 
elements  are  there  ehou-n  in  their  actual  relations  one  to  the  other. 
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e  with  differeut  rapidities  oE  pulse,  a  single  example  maj 
strate  tiie  point  in  question.  With  the  heart  beatiog  100 
ito,  tho  time  tnken  by  the  primary  WTue  ia  reaching  tbe' 
the  length  of  the  first  cardjo-radlal  int«n-al  with  tha^ 
cted)  has  been  shown  in  a  prerious  Table  to  be  -0021876* 
Adding  to  this  the  interval  between  the  radial  and  uddq^ 
t  the  same  rapidity,  whiuh  is  very  nearly  -00116  gf>a 
75  of  a  minute  is  the  time  taken  by  the  systolic  waTeiVi'i 
the  heart  to  the  ankle.     But  if  this  wave  went  the  utei 
ankle,  (52-5-20= )  23-5  inches,  at  the  same  rate  ftt  vbiA 
rist,  the  length  of  the  first  eardio-malleolar  inten-al  wffllH' 
f  a  minute  (29  :  52-5  :  :  21875  :  459375)  ;  but  it  is  only  , 
minute,  which  is  considerably  less  ;  consequently  Uu  wW 

plain. 

e  ankle,  it  is  found  that  the  component*  of  each  sre  of 
duration,  though  Ihe  peculiar  short  interi-ai  follovring  HiA 
n  the  latter  sometimes  oomplieates  the  results.  ThiaeMCt 
igth  of  the  different  elements  of  the  two  pulses  is  not,  U 
y  those  who  attempt  to  measure  them  practically,  seU-      |l 
e  tracings  themselves  ;  because  theonebeingslightly  later      j 

}^„c.J},>,:SoeAhl..XXm  n.  : 
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January  7,  1875. 
1  ALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

'a  receival  were  laid  ou  the  table,  and  thankB  ordered  for 

ig  Papers  were  read : — 

3   OU  a  New   Map   of  the   Solar   Spectrum.*'      By 
MAN    LocKYBH,    F.R.S.       Rcceired    November,  13, 

•^.sion  to  lay  before  the  Rtiyo)  Sbcdety  a  portion  of  the  new 
liir  Bpectrum  referred  to  in  one  of  my  former  commum- 

if  the  portion  between  w.  1.  39  and  41. 
d  it  nece^iisary,  in  order  t4  include  all  the  lines  visible  in 
]\n  in   such   n  manner  that  coincidenres  may  be   clearly 
■truct  it  on  four  times  the  spale  of  Angatriim's  "  NpectlB  | 
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Begion  of  Bpectruin,  3900-4100. 

Number  of  lines  in  Angstrom's  "  Spectre  Normal " 39 

99  99         Angstrom's  and  Thal^n's  map  of  the 

violet  part  of  the  solar  spectrum ....   185 

ft  »,         Comu's  map    205 

«  >»         new  map 618 

It  wiD  serve  further  to  illustrate  the  advantages  of  the  photographic 
method,  to  compare  the  number  of  lines  in  the  spectra  of  metals  already 
observed  with  the  number  of  lines  of  the  same  metal  given  by  Angstrom 
in  the  *'  Spectre  Normal." 


Metal. 

Fe.. 

Begion  of  spectru] 

Lines  in  new 

71 

53 

47 

17 

163 

18 

24 

7 

5 

7 

2 

2 

Total....  416 

m,  3900-4100. 

map.          Lines  in 

i  Thal^n's  map. 
19 

Mn 

12 

Co 

Ni.. 

Ce.. 

U.. 

Cr.. 

Ba 

8r.. 

Ca 

6 

K.. 

Al 

2 

Total 

39 

The  purification  of  the  various  metallic  spectra  has  at  present  been 
Qfnlj  partially  effected  ;  but  I  have  seen  enough  already  to  convince  me 
oC  the  extreme  rigour  with  which  the  principle  I  have  already  announced 
may  be  applied,  while,  at  the  same  time,  there  are  evidences  that  the 
application  of  it  may  lead  to  some  results  not  anticipated  in  the  first 
mitaiice. 

My  object  in  laying  these  maps  before  the  Society,  and  presenting  this 
ad  interim  report  of  progress,  is  to  appeal  to  some  other  man  of  science, 
if  not  in  England,  then  in  some  other  country,  to  come  forward  to  aid  in 
the  work,  which  it  is  improbable  that  I,  with  my  small  observational 
means  and  limited  time,  can  carry  to  a  termination.  I  reckon  that, 
liaiving  regard  to  routine  solar  work,  it  will  require  another  year  before 
tbe  portion  from  H  to  G-  is  completely  finished,  even  for  the  metals  the 
spectra  of  which  are  shown  in  the  maps  now  exhibited.  When  this  is 
done  there  will  still  remain  out49tanding  all  the  ultra-violet  portion,  the 
portion  from  G  to  F  (both  capable  of  being  photographed  by  short  expo- 
sure), and  the  whole  of  the  less-refrangible  part  (which  both  Div^pot  mA 

o2 
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nvo  shown  can  be  resched  by  long  eiposure   with  the 

t  think,  moreover,  that  when  the  light  which  the  epec-tro- 
idy  thrown  upon  molecular  action  shall  be  better  known, 
basia  for  further  inquiry,  methods  of  photi^japhy  greatly 
present  one  in  rapidity,  in  the  leas-refrangible  portion  of 
»ill  be  developed  and  utilized  in  the  rese-ireh. 
i  being  drawn  by  my  assistant,  Mr.  Eaphael  Meldola  (to 
iks  are  due  for  the  skill  and  patience  he  has  brought  to 
work),  in  the  firat  instance,  with  more  especial  reference 
ma,    thicknesses,    and   individualities    of  the   lines  ;   the 
« ill  consist  of  an  absolute  intensity  reproduction  of  the 

ic   Spectrum   of    Coggia's   Comet."       By   William 
.,  D.C.L.,  LL.D.,  F.R.S.,  For.  Sec.  R.A.S.    Received 
iL-r  13,  1874. 

[Plate  6.] 
i  18C6,  1868,  and  1871*  I  had  the  honour  to  communi- 
■\al  Society  some  ohservafions  with  the  spectroscope  of  five 
including  Eiicke's  comet  nt  it-s  return  iji  1871. 
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buub  and  the  &int  continaous  spectrum  were  obsenred  to  vary  in  relative 
mtenaity. 

When  the  slit  was  brought  back  past  the  nucleus  on  to  the  commence- 
ment of  the  tail,  the  gaseous  spectrum  became  rapidly  fainter,  until,  at  a 
short  distance  from  the  nucleus,  the  continuous  spectrum  predominated 
•0  stxong^y  that  the  middle  band  only,  which  is  the  brightest,  could  be 
detected  on  it. 

We  have  presented  to  us,  therefore,  by  the  light  of  the  comet  three 
spectra: — 

1.  The  spectrum  of  bright  bands. 

2.  The  continuous  spectrum  of  the  nucleus. 

3.  The  continuous  spectrum  which  accompanies  the  gaseous  spectrum 
in  the  coma,  and  which  represents  almost  entirely  the  light  of  the  tail. 

1.  Tlie  Spectrum  of  Bright  Bands. 

The  three  bright  bands  were  obviously  similar  in  position  and  character 
to  those  which  were  observed  in  Comet  U.,  1868.  In  that  comet  the 
bands  could  not  be  resolved  into  lines  ;  but  in  the  spectrum  of  the  comet 
now  under  observation,  on  some  occasions,  especially  during  the  early 
part  of  July,  the  three  bands  were  partially  resolved  into  lines.  The 
resolution  of  the  bands  was  seen  most  distinctly  at  the  boundary  of  the 
coma,  where  the  continuous  spectrum  was  very  faint. 

The  bands  appeared  to  me  to  be  brighter  relatively  to  the  continuous 
spectrom  during  the  early  part  of  the  time  that  the  comet  was  under 
observation. 

On  July  7,  the  bands  were  compared  directly  iiith  the  spectrum  of  the 
induction-spark  taken  in  a  current  of  defiant  gas.  I  suspected  a 
small  shift  of  all  three  bands  towards  the  more-refrangible  end  of  the 
apectmm. 

July  8. — ^I  made  some  measures  of  the  want  of  coincidence  of  the  less- 
refrangible  edge  of  the  middle  and  brightest  band  with  the  corresponding 
part  of  the  band  in  the  spectrum  of  the  blue  part  of  a  small  oil-flame. 
Afterwards  I  found  that  the  collimating  lens  had  shifted  during  the 
taking  of  the  measures.  I  repeated  the  observations  on  July  13.  On 
this  day  I  estimated  the  shift  of  the  brightest  band  to  be  about  |  of  the 
distance  of  6'  to  6'.  The  other  bands  appeared  to  be  similarly  displaced 
in  relation  to  the  bands  of  the  terrestrial  spectrum.  The  estimation  of 
the  amount  of  displacement  was  rendered  more  difficult  by  the  circum- 
stance that  the  cometary  band  was  not  so  bright  at  the  less-refrangible 
limit  as  was  the  band  in  the  spectrum  of  the  oil-flame.  With  this 
exception,  the  relative  brightness  of  the  different  parts  of  the  bands 
agreed  with  the  corresponding  parts  of  the  bands  in  the  terrestrial 
spectrum. 

On  the  supposition  of  the  identity  of  the  comet's  bands  with  those  of 
the  spectrum  of  carbon,  the  shift  which  was  observed  would  \iidxct)h\&  ^ 
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lu  of  approach   of   iLe  comet  and  the  earth  of  about  40 
T)uJ,  a  *elotity  nearly  double  that  of  their  actual  relative 

lo  a  table  of  the  coinet'§  motion,  kindly  furnished  to  me  by 

~n.S.,the  comet  was  approaching  the  eajth  on  that  day  with 

■bout  24  miles  per  second.     The  part  of  the  earth's  orbital 

Bdirection  of  the  comet  may  be  disregflrded,  as  it  was  less 

r  accoad. 

ing  obsenations  the  slit  was  placed  on  the  brighteat  part 

,  close  in  front  of  the  nucleus.     Was  any  part  of  the 

Ihe  motion  of  the  matter  within  the  comet  ?     If  the  mea- 

f  July  8,  when  the  lens  was  found  to  have  shifted,  could 

i  trustworthy,  they  would  indicate  a  slightly  lai^r  shift  oa 

■1  with  the  question  whether  the  bright  bands  were  Eur- 

r  containing  carbon  in  some  form,  it  is  of  importance 

llhe  bright  line  near  G  which  accompanies  the  three  bands 

1  of  carbon  and  its  compounds  appears  t«  be  absent  in  the 

e  comet.     I  took  some  pains  to  satisfy  myself  that  this  line 

Idetected  in  the  comet's  spectrum.      If  it  had  been  present 

>  relative  brilliancy  which  it  possesses  in  the  twrestria! 

(oidd  have  been  able  to  see  it  easily.     The  relative  faint- 

•  absence  of  this  more-refrangible  band  might  find  its 

isibly  in  the  low  temperature  of  the  cometary  matter. 

e  to  be  considered  as  due  to  carbon,  we  have  to  inquire 
e  carbon  exists  in  the  matter  of  the  comet.  In  my  paper 
1  Has,  I  pointed  out  that  though  some  comets  have  been 


1875.]  Spectrum  of  Coggia's  Cometh  157 

obtiiiied,  together  with  the  known  lines  of  oxygen,  when  carbonic  acid 
ud  carbonic  oxide  were  employed. 

2.  Hie  Continuous  Spectrum  of  the  Nucleus. 

I  was  not  able  to  Batisfy  myself  of  the  existence  in  the  continuouB 
^Mctram  of  the  nucleus  of  any  dark  lines,  nor  of  any  bright  lines,  other 
than  the  three  bright  bands  which  have  been  described. 

I  found  that  the  presence  of  the  bright  bands  increased  the  relative  bright- 
ness  of  the  middle  part  of  the  linear  continuous  spectrum,  so  as  to  give  an 
apparently  smaller  relative  amplitude  to  the  red  and  violet  parts  of  the  spec^ 
trmn .  This  was  particularly  noticed  to  be  the  case  during  the  first  week  of 
J^olj.  When  some  breadth  was  given  to  the  spectrum  by  means  of  a  cylin- 
drical lens,  the  bright  bands  were  clearly  distinguished  in  it,  and  then  the 
iBbtiye  brightness  of  different  parts  of  the  continuous  spectrum  was  more 
nearly  that  of  an  ordinary  incandescent  body.  The  blue  end  of  the  con- 
tinuous spectrum  appeared  to  fail  abruptly  a  little  beyond  O,  and  I  was 
not  able  to  trace  the  spectrum  beyond  this  point.  I  took  this  circum- 
stance at  first  to  show  the  absence  of  the  violet  rays,  and  consequently 
a  low  temperature  in  the  nucleus.  Afterwards,  when  the  solar  spectrum 
was  reduced  to  about  the  brightness  of  that  of  the  comet,  I  observed  a 
•imilar  apparent  abrupt  termination  of  light  at  the  same  part  of  the 
•pectrom,  which  is  therefore  a  phenomenon  due  to  the  eye  of  the  observer. 
Although  it  is  probable  that  the  violet  rays  are  absent,  or  at  least  not 
present  with  any  great  intensity  in  the  light  of  the  nucleus,  this  observa- 
tion of  the  apparent  failure  of  the  spectrum  a  little  beyond  O  cannot,  by 
itself,  be  accepted  as  a  trustworthy  proof  that  such  is  really  the  case. 

When  the  nucleus  was  examined  in  the  telescope,  it  appeared  as  a  well- 
defined  minute  point  of  light  of  great  brilliancy.  I  suspected  at  times 
a  sort  of  intermittent  flashing  in  the  bright  point.  The  nucleus  sug- 
gested to  me  an  object  on  fire,  of  which  the  substance  was  not  uniform 
in  composition,  so  that  at  intervals  it  burned  with  a  more  vivid  light. 
On  July  6th  the  diameter  of  the  nucleus,  when  measured  with  a  power  of 
800,  was  l""e.  On  July  13th  the  measure  was  nearly  double,  viz.  3"; 
tnit  at  this  time  the  point  of  light  was  less  defined.  On  July  15th  the 
nucleus  appeared  elongated  towards  the  following  side  of  the  comet,  at 
ttu  angle  of  about  40°  to  the  comet's  axis. 

The  nucleus  appeared  of  an  orange- colour.  This  may  be  due  in  part 
to  the  effect  of  contrast  with  the  greenish  light  of  the  coma.  Sir  John 
Herschel  described  the  head  of  the  comet  of  1811  to  be  of  a  greenish  or 
bluish-green  colour,  while  the  central  point  appeared  to  be  of  a  pale  ruddy 
tint.  The  elder  Struve's  representations  of  Halley's  comet,  at  its  appear- 
ance in  1835,  are  coloured  green,  and  the  nucleus  is  coloured  reddish 
yellow.  He  describes  the  nucleus  on  October  9  thus,  "  Der  Kern  zeigte 
sich  wie  eine  kleine,  etwas  ins  gelbliche  spielende,  gliihende  Kohle  von 
langlicher  Form."    Dr.  Winnecke  describes  similar  colours  in  the  bright 
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On  the  Spectrum  of  Coggia'M  Camel,  [J 

Ji — "  Die  Farbe  dos  Strabla  ersdieiat  mir  gelbrdthlich ;  ^A 

mn  Xebela  (vielleicht  aus  Contrast)  mattblauUch.  .  , 
lastromung  erscheint  mir  gelbllch ;    die  Coma  hat  bliia*  \ 


MiM  SpKtrwn  whidi  aeeompanitt  the  Gaseous  Speetritm. 

I  was  observed  in  every  part  of  the  coma ;    near  its 

la  the  dark  apace    bi^hind  the  nucleus,  the  continuous 
BO  faint  as  to  be  detected  with  difficulty,  at  the  Bame  time 
\  banda  were  distinctly  visible. 
I  brightness  of  Borae  parts  of  the  envelopes  and  of  the  coma 

due  for  the  most  part  to  the  presence  of  a  larger  quantity 

which  gives  a  continuous  spectrum.     When  the  slit  was 

Be  brighter  parts  of  the  comet,  the  gaseous  spectrum  did  not 

'  iu  the  same  degree,  but  there  was  an  increase  in  the 

e  continuous  spectrum. 
I  nneleua,  the  bright  bands  became  fainter  relatively  to  the 
I  continuous  spectrum,  until  the  brightest  band  only  could 
I  The  more  distant  parts  of  the  toil  give  probably  a  coa- 

n  only. 

e  was  seen  occasionally  a  remarkable  inequality  in  the 
I  the  continuous  appctrum  between  thu'  bands.     On  some 
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idon  ;  and  as  it  approached  the  hori/oii,  it  hecaine  p:irtially  roiicealfd 
i  chimneys  of  soDie  iioii^^hhouring  houses.  Xcarly  the  whole  of  the 
hat  the  comet  was  visible  was  eoiismiied  iu  the  olj>ervations  with 
lectroscope ;  and  a  few  sketches  only  were  made  of  the  appearances 
itod  by  the  head  of  the  comet  in  the  telescope. 
I  two  sketches  which  accompany  this  note  (Plate  6)  were  made  on 
tS  and  14.  On  the  latter  evening  the  fainter  parts  of  the  coma, 
wantiiig  in  the  sketch,  were  rendered  invisible  by  the  bright 
of  sky.  Two  of  the  phases  presented  by  the  intersection  of 
■re  shown  in  the  sketches.     The  narrow  black  channel  I 

|4be  mudens  passed  on  the  righ1>-hand  side  of  the  nucleus  (as  seen 
KtdsMOpe),  where  it  terminated  in  a  small  round  extension,  pre- 

eMtbmg  of  the  appearance  of  a  black  pin,  with  its  head  by  tiie 
nodeiis. 

n 
••■■ 

*lDii  Acoostic  Reversibility.'*      By  J.   Tyndall,  D.C.L., 
!'  -      LL.D.,  P.E.S.     Received  December  31,  1874. 


21st  and  22nd  of  June,  1822,  a  Commission  appointed  by  the 
m  of  Longitudes  of  France  executed  a  celebrated  series  of  experi* 
i  CB  th6  velocity  of  sound.  Two  stations  had  been  chosen,  the  one 
ttjaitf  the  other  at  Montlhery,  both  lying  south  of  Paris,  and  11*6 
distent  from  each  other.  Prony,  Mathieu,  and  Arago  were  the 
ran  at  Yillejuif,  while  Humboldt,  Bouvard,  and  Gay-Lussac  were 
wlOhiArym    Ouns,  charged  sometimes  with  2  lbs.  and  sometimes  with 

nf  fwrardAT.  xrAm  finvl  ftf.  hnth  Htfttinnn.  ATid  thn  VAlnpif;v  xi'ra  HpHnrvM^ 
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?rof.  J.  TyndaU  on  Acoustic  RevertifnlUy.        [Jan.  7, 

]guiz«d  as  the  cause  of  the  observed  diSereace  ;  but  the  air 
18  (aim,  the  slight  motion  of  translation  actuaUy  existing 
Uejuif  towards  Montlhery,  or  against  the  direction  in  which 

1  best  heard. 

,t  on  the  2Sind  of  June,  while  every  shot  fired  at  Montlhery 
merreille  "  at  VUlejuif,  but  one  shot  out  of  twelve  fired  at 
eard,  and  that  feebly,  at  the  other  station. 
lUlion  which  characteriKcd  him  on  other  occasions,  and  which 
red  to  admiringly  by  Faraday*,  Arago  made  no  attempt  to 
momaly.      His  words  are  : — "  Quant  aui  differences  si 
d'intensitc  que  le  bruit  du  canon  a  toujoura  preaente« 
e  propageaient  du  nord  au  eud  entre  ViJIejuif  et  Montlhery, 
nord  entre  eette  seconde  station  et  la  premiere ;  nous  ne 

IT  que  des  conjectures  denude  de  preuTea"t. 
d,  after  much  perplexity  of  thought,  to  bring  this  sub- 
le  range  of  experiment,  and  have  now  t-o  submit  to  tha 
a  possible  solution  of  the  enigma.      The  first  step  wae 
n'hether  the   sensitive   flame   referred   to   in    my   recent 
<    Philosophical    Transactions   could  be   safely    employed 
s  on  the  mutual  reversibility  of  a  source  of  sound  and 
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or  the  oiifioe  to  the  end  of  the  tube,  the  flame  was  violently  agitated 
hj  the  Bounding-reed,  B.  On  shifting  the  tube,  or  the  burner,  so 
•B  to  concentrate  the  sound  on  a  portion  of  the  flame  about  half  an 


l^ig.  1. 


inch  above  the  orifice,  the  action  was  nil.  Concentrating  the  sound 
upon  the  burner  itself  about  half  an  inch  below  its  orifice,  there  was  no 
•ction. 

These  experiments  demonstrate  the  localization  of  "  the  seat  of  sensi- 
tivenesSy"  and  they  prove  the  flame  to  be  an  appropriate  instrument  for 
the  contemplated  experiments  on  reversibility. 

The  experiments  proceeded  thus  : — The  sensitive  flame  being  placed 
dofle  behind  a  screen  of  cardboard  18  inches  high  by  12  inches  wide,  a 
vihratang  reed,  standing  at  the  same  height  as  the  root  of  the  flame,  was 
placed  at  a  distance  of  6  feet  on  the  other  side  of  the  screen.  The 
sound  of  the  reed,  in  this  position,  produced  a  strong  agitation  of  the 
flame. 

The  whole  upper  half  of  the  flame  was  here  visible  from  the  reed ; 
hence  the  necessity  of  the  foregoing  experiments  to  prove  the  action  of 
the  sound  on  the  upper  portion  of  the  flame  to  be  nU^  and  that  the  virayes 
had  really  to  bend  round  the  edge  of  the  screen  so  as  to  reach  the  seat  of 
■enaitiyeness  in  the  neighbourhood  of  the  burner. 

The.  positions  of  the  flame  and  reed  were  reversed,  the  latter  being 
now  dose  behind  the  screen,  and  the  former  at  a  distance  of  6  feet 
from  it.  The  sonorous  vibrations  were  without  sensible  action  upon 
the  flame. 

The  experiment  was  repeated  and  varied  in  many  ways.  Screens  of 
yarions  sizes  were  employed ;  and  instead  of  reversing  the  positions  of  the 
flame  and  reed,  the  screen  was  moved  so  as  to  bring,  in  some  experiments 
the  flame,  and  in  other  experiments  the  reed,  close  behind  it.  Care  was 
also  taken  that  no  reflected  sound  from  the  walls  or  ceiling  of  the  labora- 
tory, or  from  the  body  of  the  experimenter,  should  have  any  thing  to  do 
with. the  effect.  In  all  cases  it  was  shown  that  the  sound  was  effectiye 
when  the  leed  was  at  a  distance  from  the  screen  and  the  flame  close 


'.  J.  Tyudall  on  Acoustic  Revertlbility.         {3va.  7, 
pile  the  ovtioD  was  uiBensible  when  these  positions  wen 

ig.  2,  be  a  vertical  section  of  the  screen.     When  the  reed 
Ithe  Qame  at  B  there  was  no  action  ;  when  the  reed  vna  tA  B 

rig.  2. 


3  nt  A  the  action  was  decided.     It  may  be  added  that  the 
nicated  t«  the  screen  itself,  and  from  it  to  the  air  beyond 
f  ut  effect ;  for  when  the  reed,  which  at  B  is  effectiuU,  was 
1  its  action  on  the  screen  was  greatly  augmented,  it 
b  any  action  on  the  flame  at  A. 

»',  I  think,  prepared  to  consider  the  failure  of  reyersibility 
experiments  of  18:22.  Happily  an  incidental  observation  of 
I  here  to  our  aid.     It  was  observed  and  recorded 


1875.]  Prof.  J.  Tyiuliill  on  Acoustic  Reversibility. 

ptroTic:   roasoii   to   question   the   hypothesis  of  the  illustrious   Fk 
philosopher. 

And  considering  the  hundreds  of  shots  fired  at  the  South  Foreli 
with  the  attention  specially  directed  to  the  aerial  echoes,  when  no  si] 
case  occurred  in  which  echoes  of  measurable  duration  did  not  accomp 
the  report  of  the  gun,  I  think  Arago*s  statement  that  at  Villejuif 
echoes  were  heard  when  the  sky  was  clear  must  simply  mean  that  t 
Tanished  with  great  rapidity.  Unless  the  attention  were  speci 
directed  to  the  point,  a  slight  prolongation  of  the  cannon-sound  m: 
well  escape  observation ;  and  it  would  be  all  the  more  likely  to  do  s 
the  echoes  were  so  loud  and  prompt  as  to  form  apparently  part  and  pa 
of  the  direct  sound. 

I  should  be  very  loth  to  transgress  here  the  limits  of  fair  criticism 
to  throw  doubt,  without  good  reason,  on  the  recorded  observations  oi 
eminent  man.  Still,  taking  into  account  what  has  been  just  stated, 
lemembering  that  the  minds  of  Arago  and  his  colleagues  were  occu] 
by  a  totally  different  problem  (that  the  echoes  were  an  incident  rai 
than  an  object  of  observation),  I  think  we  may  justly  consider  the  so 
which  he  called  "  instantaneous  "  as  one  whose  aerial  echoes  did  not 
feientiate  themselves  from  the  direct  sound  by  any  noticeable  fal 
intensity^  and  which  rapidly  died  into  silence. 

Turning  now  to  the  obser\'ations  at  Montlhcry,  we  are  struck  by 
extraordinary  duration  of  the  echoes  heard  at  that  station.  At  the  S( 
Foreland  the  charge  habitually  fired  was  equal  to  the  largest  of  t] 
employed  by  the  French  philosophers  ;  but  on  no  occasion  did  the  { 
■otmds  produce  echoes  approaching  to  20  or  25  seconds*  duration. 
nzely  reached  half  this  amount.  Even  the  syren-echoes,  which  \ 
more  remarkable  and  more  long-continued  than  those  of  the  gun,  n 
reached  the  duration  of  the  Montlhery  echoes.  The  nearest  approac 
it  was  on  the  17th  of  October,  1873,  when  the  syren-echoes  requ 
15  seconds  to  subside  into  silence. 

On  this  same  day,  moreover  (and  this  is  a  point  of  marked  si 
ficance),  the  transmitted  sound  reached  its  maximum  range,  the  | 
sounds  being  heard  at  the  Quenoes  buoy,  which  is  16||  nautical  n 
from  the  South  Foreland.  I  have  already  stated  that  the  duration  oi 
iir-eehoes  indicates  "  the  atmospheric  depths "  from  which  they  coi 
An  optical  analogy  may  help  us  here.  Let  light  fall  upon  chalk, 
light  is  wholly  scattered  by  the  superficial  particles ;  let  the  chall 
powdered  and  mixed  with  water,  light  reaches  the  observer  from  a 
greater  depth  of  the  turbid  liquid.  The  solid  chalk  typifies  the  actic 
exoeedmgly  dense  acoustic  clouds ;  the  chalk  and  water  that  of  clou' 
moderate  density.  In  the  one  case  we  have  echoes  of  short,  in  the  c 
echoes  of  long  duration.  These  considerations  prepare  us  for  the  ij 
enee  that  Montlhcry,  on  the  occasion  referred  to,  must  have  been 

•  Phil.  Trans.  1874,  pt.  i.  p.  202. 
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juif  shows  the  atmosphere  aiirroundiDg  that  station  to 
ticaUy  opaque. 

r  clue  to  the  cause  of  the  opacity  ?      I  think  we  have. 
!  to  Paris,  aad  over  it,  with  the  o!j9er\'ed  light  wind,  was 
le  air  from  the  city.     Thonaands  of  chimneys  to  windward 
!  discharging  their  healed  cufronta  ;  so  that  an  atmosphere 
ua  in  a  high  degree  must  have  surrounded  that  station. 

y  typified  by  our  screen  with  the  source  of  sound  close 
upper  edge  of  the  screen  representing  the  place  where 
emperature  was  established  in  the  atmosphere  above  the 
tue  of  its  proximity  to  the  screen,  the  echoes  from  our 
rould,  in  the  case  here  supposed,  bo  blend  with  the  direct 
jractically  indistinguishable  from  it,  aa  the  echoes  at  Vil- 
the  direct  sound  so  hotly,  and  vanished  so  rapidly,  that 
jservation.     And  as  our  sensitive  flame,  at  a  distance, 
jted  by  the  sounding  body  placed  close  behind  the  card- 
1,  I  take  it.  did  the  observers  at  Montlhery  fail  to  hear 
,e  Villeji.if  gun.    This  is  the  enpl.iiittlion  of  Arago's  dif- 
lave  the  honour  to  submit  to  the  Hoynl  Society. 
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M  to  fonn  an  acute  angle  with  each  other.    At  the  end  of  one  is  the 
▼ifaniing  reed  r ;  opposite  the  end  of  the  other,  and  in  the  prolonga- 
tion of  P  O,  is  the  sensitiye  flame  /,  a  second  sensitive  flame  (f)  being 
plaoed  in  the  continuation  of  the  axis  of  M  N.     On  sounding  the  reed,  the 
direct  sound  through  M  N  agitates  the  flame/'.  Introducing  the  square  of 
calico  a  5  at  the  proper  angle,  a  slight  decrease  of  the  action  onf  is 
noticed,  and  the  feeble  echo  from  ab  produces  a  barely  perceptible  agitation 
of  the  flame/.    Adding  another  square,  ed,  the  sound  transmitted  bj 
ah  impinges  oned;  it  is  partially  echoed,  returns  through  ab,  passes  along 
PO,  and  still  further  agitates  the  flame/.     Adding  a  third  square,  ef, 
the  reflected  sound  is  still  further  augmented,  every  accession  to  the  echo 
bdng  accompanied  by  a  corresponding  withdrawal  of  the  vibrations  from 
/  and  a  consequent  stilling  of  that  flame. 

With  thinner  calico  or  cambric  it  would  require  a  greater  number  of 
kyers  to  intercept  the  entire  sound  ;  hence  with  such  cambric  we  should 
have  echoes  returned  from  a  greater  distance,  and  therefore  of  greater 
duration.  Eight  layers  of  the  calico  employed  in  these  experi- 
ments, stretched  on  a  wire  frame  and  placed  close  together  as  a 
kind  of  pad,  may  be  taken  to  represent  a  very  dense  acoustic  cloud* 
Such  a  pad,  placed  at  the  proper  angle  beyond  N,  cuts  off  the  sound, 
which  in  its  absence  reaches  /',  almost  as  effectually  as  an  imper* 
vious  solid  plate* :  the  flame  /'  is  thereby  stilled,  while/  is  far  more 
powerfully  agitated  than  by  the  reflection  from  a  single' layer.  With  the 
source  of  sound  close  at  hand,  the  echoes  from  such  a  pad  would  be 
of  insensible  duration.  Thus  close  at  hand  do  I  suppose  the  acoustic 
clouda  surrounding  Yillejuif  to  have  been,  a  similar  shortness  of  echo 
being  the  consequence. 

A  further  step  is  here  taken  in  the  illustration  of  the  analogy  between 
light  and  sound.  Our  pad  acts  chiefly  by  internal  reflection.  The 
sound  from  the  reed  is  a  composite  one,  made  up  of  partial  sounds 
differing  in  pitch.  If  these  sounds  be  ejected  from  the  pad  in  their 
pristine  proportions,  the  pad  is  acoustically  white ;  if  they  return  with 
their  proportions  altered,  the  pad  is  acoustically  coloured. 

In  these  experiments  my  assistant,  Mr.  Cottrell,  has  rendered  me 
snateiial  assistimce. 

*  Jaanaiy  13th. — Since  this  was  written  I  haye  sent  the  sound  through  fifteen 
l«fen  of  etiioo,  and  echoed  it  back  through  the  same  layers,  in  strength  sufficient  to 
«^;itatd  the  flame.    Thirty  layers  were  here  crossed  by  the  sound. 
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January  14,  1875. 
)ALTON  HOOKER,  C.B.,  Pmident,  in  the  Chair. 

ts  received  were  laid  on  the  table,  and  thanla  ordered  for 

ng  Papers  were  read  :— 

ass  of  Identical  Relations  in  the  Theory  of  Elliptic 
18."    By  J.  W.  L.  Glaibher,  M.A.,  Fellow  of  Trinity 

Cambridge.      Communicated   liy   James    Glaisheb, 

Received  November  23,  1874. 

C.\b.tnu-t.) 
)f  the  memoir  is  to  notice  certaiji  fonna  into  which  the 
c  functiouH  admit  of  being  throvii.  and  to  diacusa  the  iden- 
to  whieh  they  give  rise.     These  latter,  it  is  ahomi,  can  bo 
■tly  by  the  aid  of  Fourier's  theorem,  or  in  a  lees  straight- 
er  by  ordinary  algebra. 
.,  consider  the  cosine-amplitude  :  it  is  shown  that  we  hare 

;,._    '    f       1       _             1                           1 
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(f  even  and  ^  uneven)  give  rise  to  identities  of  the  same  class  as  (1),  and 
vUdi,  it  appears,  are  aJl  elliptic-function  relations.  It  is  alsop  ointed 
oat  how  (1)  and  the  other  similar  identities  discussed  in  the  memoir 
idmit  of  being  simplj  established  by  ordinary  algebra  and  trigonometry 
in  two  different  ways. 

Other  identities  and  formuke  are  noticed  and  compared ;  ex.  gr,,  for  the 
moe-amplitude,  writing 

irK'  vK 


ipehave 


TfU  wu  


coBam 


irK  11— 23  cos  2a?-f^'*      l-^2(/»cos2a;-f  j*  J 

=  ^j^{sech«— sech(«— k)— sech(z-f  K)-f  Ac.} 

=B-JL_J  sech^— 4cosha7(. 


cosh 


cosh  2y 


^cosh  2z'{-  cos  2y 

+  &C.U 


cosh  4z-|-  cosh  4y 

_    IT    f  sinh(jy— z) sinh3(jv— z)  ,   sinh5(|y— z)  __  Sr^    \ 

"kiL'X     cosh^lK  cosh^K  cosh^K  '  J 

so  that  if  07,  z,  /i,  K  be  any  four  quantities  subject  to  the  relations 

/iK=ir%    z=s  —  f  so  that  07=  —  J, 

he  identities  are 

secha?— sech(a7— /i)—  sech(arH-/i)-f  8ech(d?  — 2^) 

-f  sech  (dp-f  2^)—  &e. 

cosh/ui  _         cosh2/Li  ,    « 


s  sech  a;— 4  cosh 


<: 


cosh  2dr + cosh  2^   cosh  4d;  +  cosh  4fi 


■) 


—  2  i  BJPhCjf'  —  ^)  _  sinh3(j/n— a?) 
1      cosh  j/i  cosh  f ^ 


+ 


sinh5(j/n  — 


^  -  Ac.  I 


cosh 

,         4  cosh  a?  ,  4  cosh  3a?       - 

isech  X -—  -f  — -r — = &c. 

ej-l-l  «^-h1 

2ir  f   cosh  z    ,  cosh  3z  ,  cosh  5z  i  ^   \ 
fx  IcoshJK      cosh  ^y      coshfy  J 

u  1 8m'a?-|-8inh 


(2) 


i|k      sin' 07-1- sinh'fi/ 


■} 
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Mr.  W.  H.  Johnson  o«  the  Action  of         [Jau.  14, 

h,    'Die  Lehre  von  den  elliptischen    Int«>gralen,'    1884^ 
2),  jk  muet  be  less  th&n  fi. 

anh(j7-p)  +  taiih(j-+/.)+&<-. 

[1          f,     [  Hinh  y        Ginh  2y                  i 

ith  (x—fi)+  eoth{x  +  ^,)-\-&c. 

in  Bome  detail,  and  an  algebraical  proof  is  added  of  Abott 
i-res,'  t.  i.  p.  307), 

e  remarkable  Changes  produced  in  Iron  and  Stee 
\etion  of  Hydrogen  and  Acids."     By  William  H. 

,B-Sc.  CommunifatedbyProf.Sir\Vii.LiAMTHOMBON, 
F.B.S.     Received  December  7,  1874. 
years  ago  my  attcntioii  was  called  to  a  remarkable  change 
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eofnooB  bubbles  of  gas  being  giTen  off  from  the  whole  surface  of  the 
fiietuie  for  30  to  40  seconds,  or  even  longer,  making  the  water  on  the 
fractured  sur&ce  appear  to  boil  yiolently.    This  frothing  is  increased  by 
nij  thing  that  augments  the  heat  produced  by  fracture ;  in  fiict  it  is 
oeoessaiy  that  the  fracture  be  more  or  less  warm  to  cause  the  escape  of 
lobbies  ;  for  if  the  wire  be  nicked  and  broken  short  without  generating 
my  heat,  few  or  no  bubbles  will  be  seen.     By  further  experiment  I  found 
tkat  other  adds,  such  as  acetic,  had  the  same  effect  on  iron  as  those  first 
U0ed ;  and  it  became  evident  that  any  acid  which  liberates  hydrogen  by 
its  action  on  iron  is  able  to  produce  them.      Nitric  acid,  which  under 
Biual  conditions  does  not  liberate  hydrogen  by  its  action  on  iron,  is,  how- 
ever, without  effect.     The  frothing,  the  diminution  of  toughness,  and  all 
other  changes  caused  by  immersion  in  acid  are,  as  a  rule,  only  temporary ; 
for  after  an  exposure  to  a  temperature  of  about  16°  C.  for  three  days,  or 
of  200°  C.  for  half  a  day,  the  wire  will  be  found  to  haye  regained  its  ori- 
ginal toughness,  and  no  bubbles,  or  any  sign  of  evolution  of  gas,  will  be 
Been,  as  before,  on  moistening  the  fracture..    The  bubbles  also  cease  to  be 
nsible  long  before  the  wire  has  recovered  its  original  toughness  or  elas- 
ticity.    Immersion  in  water,  particularly  if  warm,  hastens  the  restoration 
of  tong^ess,  and  numerous  bubbles  may  be  seen  to  arise  from  the  iron 
when  first  immersed.    If  a  little  caustic  soda,  or  other  alkali,  be  added  to 
the  water  in  which  the  iron  is  laid,  its  recovery  is  still  further  hastened, 
as  it  neutralizes  a  film  of  acid  wliich  seems  to  adhere  to  the  surface  of  all 
iron  which  has  been  attacked  by  acid. 

It  seems  at  first  remarkable  that  steel  docs  not  froth  when  fractured 
after  immersion  in  acid,  under  the  same  conditions  as  will  produce  a  vio- 
lent evolution  of  gas  with  iron ;  and  yet  the  action  of  acids  on  steel  is 
more  rapid,  more  marked,  and  more  permanent  than  on  iron .  The  decrease 
in  toughness  is  such  that  a  piece  of  steel  which,  pre\-iou8  to  immersion 
in  hydrochloric  or  sulphuric  acid,  would  stand  bending  on  itself  and  back 
two  or  three  times,  will  break  short  off  like  a  pipe-stem  when  bent.  So 
great  is  the  infiuence  of  acid,  in  fact,  that  10  minutes'  immersion  in  dilute 
sulphuric  acid  will  sometimes  cause  a  coil  of  highly  carbonized  tem- 
pered cast-steel  wire  to  break  of  itself  into  several  pieces  while  in  the 
liquid. 

The  amount  of  carbon  in  the  steel  appears,  moreover,  to  be  connected 
vitli  the  action  of  add ;  for  in  mild  Bessemer  steels,  containing  about 
0'20  to  0*26  per  cent,  of  carbon,  the  change  is  a  very  little  more  marked 
than  in  iron,  even  frothing  being  apparent  after  prolonged  immersion. 
l^^h  an  increased  percentage  of  carbon  the  action,  however,  is  more 
marked  and  of  longer  duration.  Half  an  hour's  immersion  in  hydro- 
chloric add  will  make  a  piece  of  steel  containing,  say,  0*60  per  cent. 
of  carbon  break  with  a  much  darker-coloured  fracture,  and  render  it  so 
brittle  that  no  amount  of  exposure  to  the  air  or  heat  will  ever  completely 
restore  it.    On  hardened  and  tempered  steel  the  decrease  in  toughne«« 
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imereioa  in  add  is  greater  and  mora  rapid  than  with  t^fl 
«oft  state.                                                                                   1 
hat  the  absence  of  frothing  on  the  aarface  of  steel  aftoc  | 
acid  might  arise  from  the  bubbles  of  gas  given  ofE  being 
lie  invisible  to  the  naked  eje,  I  eiamined  the  moistened 

■xpectatious  were  fulfilled,  for  nunibere  of  minute  bubbles 
s.'  from  parts  of  the  moistened  fracture.     It  appears  tliat 
i  open  Htructure  of  iron  allows  any  gas  which  has  been 
substance  to  pass  more  easily  to  the  surface  of  the  fracture 
close,  unfibrouB,  homogeneous  structure  of  steel ;  conee- 
olution  of  gas  will  not  be  so  rapid  w4th  steel  as  with  iron. 
racture  of  steel  presents  an  almost  infinite  number  of  small 
mrable  to  the  rapid  evolution  of  small  hubbies  invisible  to 
.     Iron  wire,  on  the  other  hand,  breaks  with  a  fibrous 
■,  which  wiU  retain  the  small  bubbles  until  they  have  grown 
!:e  to  be  visible  to  the  naked  eye.     Hence  the  frothing  in 
■sencB  in  steel. 

ig  experiments  were  made  to  ascertain  if  there  was  any 
■rease  in  weight  in  iron  which  frothed  over  the  same  iron 
iinl  Btatfl.    The  pieces  of  iron  and  steel  wire,  after  inuner- 
cre  well  wasbf-d  iu  cold  water,  and  when  dry  weighed,  this 
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upon  iron  and  steel,  we  will  now  more  closely  consider  them  with  the 
object  of  discovering  the  cause. 

It  migfat  at  first  sight  be  thought  that  the  frothing  could  be  explained 
on  the  supposition  that  bj  the  action  of  acid,  iron  is  thro\i'n  into  what 
may  be  called  the  **  active  state,"  in  opposition  to  the  so-called  passive 
fltttte  caused  by  nitric  add,  and  that  in  this  '<  active  state  "  it  is  able  to 
decompose  water  at  the  ordinary  temperature,  forming  oxide  of  iron  and 
babbles  of  free  hydrogen.  The  facts,  however,  do  not  bear  out  this 
theory,  as  the  bubbles  are  stUl  seen  if  oil  be  employed  instead  of  water ; 
and  no  matter  how  numerous  the  bubbles,  the  closest  examination  fails 
to  show  any  formation  of  oxide.  Again,  the  frothing  is  greater  from  the 
long  end  than  from  the  short  end  of  the  piece  of  wire,  whereas,  if  due  to 
oxidation,  it  should  be  the  same  at  both  ends. 

Now  the  following  fact-s  make  it  certain  that  hydrogen  is  either  the  sole 
cmoBe  of  the  changes  produced  in  iron  by  some  acids,  or  is  inseparably 
connected  therewith : — 

1st.  Only  those  adds  which  evolve  hydrogen  by  their  action  on  iron 
produce  any  change  in  iron  and  steel,  nitric  add  (which  does  not 
fiberate  hydrogen  except  under  particular  conditions)  having  no  efEect. 

2nd.  It  is  difficult  to  collect  the  bubbles  which  form  the  froth  on  the 
moistened  fracture  of  a  piece  of  iron  in  suffident  quantity  for  analysis ; 
but  by  putting  a  coil  of  wire,  previously  steeped  in  add,  into  hot  water 
under  a  bell-jar,  the  bubbles  of  gas  evolved  by  the  iron  may  be  collected, 
and  will  be  found  to  bum  with  the  characteristic  flame  of  hydrogen. 

Hence  it  is  probable  that  iron  and  steel,  when  placed  in  hydrochloric, 
BolphnriCy  or  other  add,  absorb  some  of  the  nascent  hydrogen  generated 
by  the  action  of  the  acid,  thus  forming  what,  for  lack  of  a  better  term, 
may  be  called  an  alloy*  of  iron  and  hydrogen.  This  alloy  may  be  com- 
pared to  that  formed  when  zinc  is  amalgamated  with  mercury  ;  and  just 
as  in  process  of  time  the  mercury  disconnects  itself  from  the  zinc, 
appearing  in  globules  on  its  surface,  so  hydrogen  gradually  disengages 
iteelf  from  the  iron — a  movement  which  is  greatly  facilitated  by  heat,  as 
is  natural  to  expect. 

The  analogy  may  be  carried  still  further ;  for  as  amalgamated  zinc  is 
made  brittle  in  consequence  of  the  pores  or  interstices  between  the  mole- 
cules of  the  metal  being  filled  up  by  mercury,  motion  of  one  molecule  over 
another  being  then  impeded,  so  in  like  manner  iron  becomes  brittle  when 
its  pores  are  filled  up  by  condensed  hydrogen  gas ;  and  naturally,  when 
the  hydrogen  or  mercury  is  driven  out  of  the  molecular  interspaces, 
movement  of  the  molecules  on  one  another  is  less  impeded,  and  hence  the 
former  toughness  or  elastidty  is  restored. 

Nor  is  amalgamated  zinc  the  only  analogous  case ;  for  the  following 
remarkable  experiment  lends  further  probability  to  the  theory,  by  show- 
ing how  rapidly  the  absorption  of  zinc  by  iron  may  take  place,  attended 
*  By  the  term  alloy  I  mean  a  solution  of  one  metal  in  another. 
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■suits,  lis  r^arda  iiicrensed  brittleuess,  to  those  wliioh'V 
ftbaorption  of  hydrogen.     It  also  shows  how  rapidly, by»  ■ 
if  temperature,  zinc  may  be  disengaged  from  the  irao,    1 

it  to  regain  its  former  toughness.                                                  1 
Ivaniied  iron  wire,  of  good  quality,  anch  that  when  cold  it 
■lera!  times  on  itself  and  back  ag^  before  breaking,  was 
.i:-at  so  quickly  that  the  coating  of  zinc  was  melted  and  only 
\ftporized.     On  attempting  to  bend  it  whilst  still  red-hot, 
rp,  offering  very  little  resistance  to  fracture.     The  fracture 
m  blue-grey  colour,  as  though  theme  had  penetrated  into 

the  iron.      When  cold,  the  same  piece  broke  with  all  its 
■98  and  with  a  Jong  fibroufl  fracture.     The  wire  was  again 
■oating  of  zinc  was  completely  vaporized,  and  then  it  was 
tough  that  it  was  impossible  to  break  at  a  red  heat,    Wira  ^ 
en  Einc  will  often  break  short,  though  the  part  out  of  tJw  J 
|iiite  tough.                                                                                H 
ible  that  this  experiment  will  not  succeed  with  all  kinds    » 
ot  being  made  thus  "  red  abort "  by  zinc. 
L'stiug  the  theory  that  occluded  hydrogen  ia  the  cause  ot 
!  be  properties  of  iron  after  its  immersion  in  acida,  the 
led  to  dispense  with  acid  altogether,  and  endeavour  to  pro- 
rosult  by  subjecting  [liei^es  of  iron  to  t!ie  iiction  of  nascent 
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the  wira  connected  with  the  Einc  pole  of  the  battery  was  found  to  bubble. 
Twenty-two  hours'  longer  immersion,  the  battery  working  all  the  time, 
caosed  the  bubbles  to  be  more  abundant ;  the  toughness  of  the  wire 
was  also  diminished  and  it«  surface  blackened.  The  wire  at  the 
positiTe  pole  was,  however,  unchanged,  either  on  the  surface  or  in 
toaghness  "*. 

From  this  we  see  that  not  only  is  acid  not  indispensable  for  the  pro- 
duction of,  at  all  events,  the  major  portion  of  these  changes  in  iron,  but 
the  latter  can  be  equally  well  produced  in  an  alkaline  solution. 

The  apparatus  remaining  unchanged,  the  soda  was  next  replaced  by 
hydrochloric  acid,  1*20  sp.  gr.  On  then  immersing  the  iron-wire  elec- 
trodes for  only  2  or  3  seconds,  the  negative  electrode,  where  hydrogen 
was  given  off,  was  found  to  froth  freely  when  the  fractured  extremity  was 
wetted,  as  much,  in  fact,  as  after  15  minutes'  immersion  when  the  cur- 
rent was  broken.  Half  an  hour's  immersion  failed  to  produce  any  similar 
change  on  the  positive  electrode  where  no  hydrogen  was  liberated.  The 
absence  of  effect  on  the  positive  electrode  is  all  the  more^'remarkable,  as  a 
piece  of  wire  of  exactly  the  same  quality,  and  immersed  an  equal  time  in 
the  same  liquid,  but  unconnected  with  the  battery,  had  become  brittle 
and  frothed  when  broken.  It  thus  appears  that  neither  oxygen  nor  chlo- 
rine are,  under  these  conditions,  occluded  by  iron,  or  if  occluded,  that 
ihej  produce  no  sensible  change  in  its  physical  properties. 

Nascent  hydrogen  having  been  shown  to  produce  these  effects,  a  trial 
was  next  made  to  ascertain  if  any  similar  change  could  be  produced  in  iron 
by  leaving  it  in  an  atmosphere  of  hydrogen  gas.  With  this  object  a  glass 
tube  I"  in  diameter  was  filled  with  pieces  of  bright  iron  wire  ■^"  in  dia- 
meter, and  a  current  of  hydrogen  passed  through  for  periods  of  1,  2,  and 
8  hoars  respectively,  but  without  any  perceptible  change  in  the  wire.  The 
wires  were  then  placed  in  a  bottle  three  fourths  full  of  water,  and  hydrogen 
made  to  babble  violently  through  the  water  for  an  hour,  but  stiU  without 
anj  effect.  It  would  thus  appear  that  hydrogen  is  only  occluded  in  the 
nascent  state  by  iron  in  the  cold.  Possibly,  however,  absorption  may 
take  place  if  the  sur&ces  are  chemically  clean.  The  late  Dr.  G-raham,  in 
his  valuable  papers  on  the  occlusion  of  hydrogen,  showed,  several  years 
ago,  that  when  red-hot  iron,  palladium,  or  platinum  are  allowed  to  cool  in 
an  atmosphere  of  hydrogen,  this  gas  is  occluded  by  them  in  large  quan- 
tity ;  and  in  the  'Proceedings  of  the  Boyal  Society,'  1868,  xvi.  p.  422,  he 
mentions  that  the  best  way  of  charging  any  of  these  metals  with  hydrogen 
is  to  make  the  metal  act  as  the  negative  electrode  in  acidulated  water  for 
a  battery  of  6  Bunsen's  cells — a  &ct  unknown  to  the  writer  when  he  made 
experiments. 

Thoogh  the  absorption  of  hydrogen  by  iron  is  no  doubt  the  cause  of  the 
frothing  and  diminntion  of  toughness  attendant  on  the  immersion  of  iron 
in  hydrochloric  and  sulphuric  acids,  there  are  some  phenomena  which 

*  Proe.  lit  and  PhU.  Soo.  liuioh.  1874,  p.  ISO. 
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iued  by  it  alone,  but  which  §eem  to  show  that  the  occlu- 
II  is  aocompaoied  by  the  absorption  of  a  mmut«  portion  of 
pores  of  the  iron. 

his  the  following  *-elI -established  facts  are  adduced  t — 
iiL'h  soouer  regains  its  natural  Btst«  after  immersion  in 
!iii  in  sulphuric  acid,  though  at  first  both  mar  hiTc  equally 

ion  of  the  less  volatile  sulphuric  acid  adhering  to  the  bup- 
.  even  after  prolonged  washing,  will  acoouTit  for  it.    This 
case  however ;  for  the  wire  may  not  only  be  repeatedly 
er.  but  even  coated  with  lime-water,  dried,  and  finally  re- 
nter two  thirds  by  drawing  several  times  through  a  steel 
^■hich  must  surely  remove  any  surface-coating  of  acid;  and 
o  longer  to  recover  its  original  toughness  if  cleaned  in 
than  in  hydrochloric  acid. 

t?ces  in  the  last  experiment  immersed  in  hydrochloric  add 
otted  with  rust  on  the  surface  some  days  before  thosn  im- 
iburic  acid. 

i^ition  that  acid  is  absorbed  by  the  iron  be  correct,  this  is 
hould  expect :  for  it  is  only  natural  to  suppose  that  the  most 
W..  hydrochloric,  will  come  to  the  surface  first, 
moreover,  that  water  can  by  great  pressure  be   forced 
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large  numben  of  iron  articles  are  now  coated  with  a  coyering  of  copper 
four  thousandths  oi  an  inch  in  thickness. 

In  connexion  with  this  subject,  I  wish  to  refute  a  statement  made  by 
Professor  Beynolds,  in  a  paper  read  before  the  Lit.  and  Phil.  Society  of 
Manchester,  Feb.  24th,  1874,  an  abstract  of  which  appeared  in  the 
'  Jonmal  of  the  Chemical  Society,'  June  1874,  p.  646,  and  other  journals. 
The  Professor  states  that  I  did  not  attribute  the  frothing  of  iron  after 
imxiiersion  in  acid  to  the  escape  of  hydrogen,  but  to  the  action  of  acid. 
In  my  first  paper  on  this  subject  (Proc.  Lit.  and  Phil.  Soc.  Manchester, 
p.  80,  1873)  the  following  passage  occurs  : — "  It  seems  probable  that  a 
part  of  the  hydrogen  produced  by  the  action  of  the  acid  on  the  iron  may 
be  absorbed  by  the  iron,  its  nascent  state  facilitating  this.  And  when  the 
iron  is  heated,  by  the  effort  of  breaking  it,  the  gas  may  bubble  up  through 
the  moisture  on  the  fracture."  This  shows  that  in  my  first  paper  I  com- 
prehended the  true  nature  of  the  phenomenon. 

Change  produced  in  the  hreaJcing'Strain  and  ultimate  elongation  of  iron 
and  steel  by  hydrogen  occluded  in  it  after  immersion  in  hydrochloric 
and  sulphuric  adds. 

In  the  earlier  part  of  this  paper  some  few  of  the  changes  in  the  pro- 
perties of  iron  produced  by  occluded  hydrogen  haye  been  examined.  The 
degree  of  this  change  it  has  not  always  been  possible  to  determine.  In  the 
case  of  the  diminution  of  toughness,  for  example,  no  exact  and  easily 
applied  test  has  yet  been  devised  by  which  we  can  obtain  with  precision 
a  numerical  result  expressing  the  relative  toughness  of  any  two  samples ; 
consequently  we  must  be  content  with  less  definite  results.  This  difiiculty 
is  fortunately  not  met  with  in  the  examination  of  the  change  in  elasticity 
and  tensile  strength  ;  for  the  breaking-weight  and  maximum  elongation 
of  any  number  of  samples  can  be  pretty  easily  ascertained,  with  great 
accuracy,  and  numerically  expressed,  thus  making  comparison  easy. 

Bearing  in  mind  the  numerous  uses  of  iron  and  steel,  and  the  proba- 
Inlity  that  at  times  hydrogen  may  be  occluded  in  them,  altering  their 
strength  in  a  way  little  anticipated,  it  seemed  of  some  importance  to  de- 
termine these  changes — and  the  more  so,  as  any  experiments  of  this  kind 
coold  not  fail  to  throw  some  light  on  the  molecular  arrangement  of  the 
metal  in  different  qualities  of  iron  and  steel,  a  subject  in  itself  of  much 
interest.  With  this  object  upwards  of  350  experiments  have  been  made 
at  various  times  with  a  very  accurate  machine,  by  which  any  weight  could 
be  brought  to  bear  on  the  wire  to  be  tested  without  the  least  jar — a  very 
important  point,  though  difficult  of  attainment,  in  experiments  on  tensile 
strength.  The  elongation  at  any  moment  could  also  be  easily  read  off. 
The  length  of  the  pieces  tested  was  in  all  cases  the  same,  viz.  10  inches 
between  the  dies,  and  the  temperature  at  the  time  of  experiment  about 
Iff*  C.     I  mention  these  points,  as  any  variation  in  the  length  or  tem^^ 
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i_«8  tested  will  alter  the  result  considerably.      In  order      ' 
*  far  aa  possible,  errors  arising  from  the  iiregul&rity  &nd 
t  homogeDeouaness  of  structure,  eveu  iu  the  moat  cmk- 

und  the  mean  only  given.] 

iperiment  was  as  follows  : — After  immersion  in  acid,  the 
.'(1  and  then  tested,  ttiis  ginng  the  t«nsib  strain  and 
■antaining  occluded  hydrogen ;  subsequently  they  were 
lutes  or  in  ovens,  as  the  most  ready  method  of  eipel- 

and  when  cold,  the  breaking-strain  &c.  of  the  iron, 
recovered  its  natural  state,  was  again  ascertained  by 

ought  that  tests  of  Iran  in  its  natural  state  could  be  beet 
tenting  on  it  before  immeraion  in  add.     Besults  so  ob- 
)wever,  be  fairly  compared  «ith  teats  of  the  same  piece 

he  iron.                                                                                      J 
rcfiults  are  the  means  of  30  testa  made  on  annealed  and   ^ 

iiy,  after  l)eing  heated  12  to  4S  hours  to  drive  off  the 
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ing-fltnun  of  the  same,  after  being  5  days  on  a  hot  plate  to  expel  the  hy- 
drogen, is  as  follows  : — 


Brcttk- 

i     ing. 

'.   Btruin. 


I 


Mean  error   <»!         *■         e 


stnun. 


•"1 


Chareoal'ironwire  con- 
taming  H  occluded 
B*BC^ 

Chwooal-iron  wire,  H 
expelled  bgr  heat 

Chnreoel-iron  wire  004- 

♦Joining  H  mwlndftd  in 
HCl     

Ghareoel-iran  wire,  H 
espeUed  bj  heat 


100 
106-62 
100 
105-36 


per  cent. 
±1-33 

±710 

±0-3 

4-11 


per  cent. 
13 


1-41 
46 


! 

\r^n  ^•^-  I   Number  of 
Mean  error  . 

;  experiments 

'for  each  result 
I       given. 


m 


elongation. 


per  cent. 
±023 

±033 

±0-41 

±0-33 


6 
6 
6 
6 


The  diminution  of  elongation  and  breaking-strain  caused  by  occlusion 
of  hydrogen  is  very  marked  in  these  experiments,  but  is  quite  equalled 
by  the  following  experiments  on  mild  steel  containing  about  0*227  percent, 
carbon.  The  wires  were  allowed  to  remain  in  very  dilute  hydrochloric  acid 
about  5  hours,  then,  when  t-ested,  heat«d  to  about  100^  C.  for  12  hours,  by 
which  means  a  portion  of  the  occluded  H  was  expelled. 


I 


1 

f 

■  Break-  |  Mean  error 
j     ing-     j  in  breaking- 
strain,           strain. 

Elongation. 

Mean  error 

in 
elongation. 

Number  of 
experiments 

for  each 
result  giyen. 

Annealed    mild   steel' 
oontaining  H 

Annealed  mild  steel,  H 1 
DutiaUy  expelled  by 

100 
104-77 

104-03 

100 

108-68 

114-29 

per  cent. 
±  6  08 

±  3-81 

±10-1 
±  9-2 
±  1-6 

±  8-4 

per  cent. 
201 

15-4 

1-66 

2-8 

216 

3-42 

per  cent. 
±0-61 

±1-2 

±0-44 
±0-46 
±0-38 

±0-75 

9 
9 

6 
6 
6 

6 

Bright  mild  steel  be-  | 
fore    immersion    in  i 
Ha    J 

BHffht  mild  steel  con- 1 

Bright  "mild  steel    H'] 
partiaUy  expelled  by 
Leating  12  hours 

Bright  mild  steel,  H 1 
completely    expelled 
bj  heating  7  days  ..., 

These  experiments  show : — 

1st.  That  the  tensile  strain  of  steel  is  diminished  by  the  occlusion  of 
hydrogen^  and  that  as  the  hydrogen  is  expelled  (a  process  of  long  duiatiioni^ 
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es,  till  eTentually  it  eiceeda  the  original  Bfrain  before 

Kpected  change  in  the  elasticity  of  steel,  the  elaaticity 
aiderably  increased  by  the  occlusion  of  hydrogen  ; 
n  of  this  hydrogen  is  expelled  by  heat,  the  elaatieity,  as 
Lation  ftt  the  niomont  of  fracture,  falls  remarkably,  aa 
n  anneaied  and  0-04  per  cent,  ia  bright  steel. 
:opiplete]y  eipeUed,  the  elasticity,  however,  rises, 
r  than  before  immersion  iu  acid. 

i'-vperiments  on  hardened  and  tempered  eaat-flteel  wire 
■three  times  as  much  carbon  as  the  mild  st«el,  show  an 
|iinution  in  the  tensile  strain  when  contoiuiog  occluded 
•r,  is  regw.ned  or  eyen  aurpasBed  when  the  hydro- 


Brettk- 

ing. 
stnuD. 

Mean  fiTor 

in  bresldng- 

strain. 

UMDtvror 

Number  of 

fOTMKll 

12379 
100 

±27 

2-16 
1-9IG 

per  cent. 
±0-3: 
±0'41S 
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ProfeBBor  Stewart  kindly  allowed  me  the  use  of  the  Owens  College 
apparatus,  with  which  somi  of  the  following  results  were  obtained : — 


of  6  feet  bright  charooal-iron  wire=100 100 

of  6  feet  bright  charcoal-iron  wire  after  5  hours  in  dilute  H'SO*= 
107*14,  or,  allowing  for  iron  eaten  away  by  acid 105*6 

of  6  feet  bright  charcoal-iron  wire  after  5  hours  in  dilute  H  Cl= 
114'd,  or,  allowing  for  iron  eaten  away  by  add 109*4 

The  wires  were  somewhat  eaten  away  by  the  acid,  so  allowance  had  to 
be  made  for  the  increased  resistance  due  to  decreased  sectional  area ;  this 
is  made  in  the  column  to  the  right. 

About  50  feet  of  hard  bright  iron  wire,  after  24  hours'  immersion  in 
dOute  sulphuric  add,  gave  a  resistance  of  2*94  ohms,  and  2*92  ohms  after 
ihe  occluded  hydrogen  had  been  expelled  by  heat. 

The  above  results,  though  far  from  imiform,  are  sufficient  to  show  that 
there  is  an  increase  in  the  resistance  of  iron  wire  when  it  contains 
oeduded  hydrogen.  I  hope  soon  to  make  further  experiments  on  this 
subject.  It  is  worthy  of  remark  that  Professor  Graham  found  the  resist- 
ance of  palladium  containing  oeduded  hydrogen  was  increased  about 
25  per  cent.  He  also  discovered  that  a  palladium  wire  first  elongated 
when  charged  with  hydrogen,  and  then  contracted  when  the  hydrogen 
was  withdrawn  to  less  than  its  original  length.  The  writer  has  detected 
a  very  small  and  similar  change  in  the  length  of  annealed  iron  wire 
under  like  condition,  but  has  not  yet  observed  it  in  bright  iron  wire, 
though  he  does  not  despair  of  doing  so. 

Diffusion  of  Hydrogen, 

A  number  of  experiments  were  made  by  allowing  one  half  of  a  piece 
of  bright  iron  or  steel  wire  to  be  acted  on  by  dilute  acid,  and  thus  to 
ocdude  hydrogen  while  the  other  half  was  protected  from  this  action, 
with  a  view  of  ascertaining  if  the  occluded  hydrogen  could  spread  along 
the  interior  of  the  iron.  Great  difference  was  observed  in  the  behaviour 
of  iron  and  steel ;  the  fibrous  structure  of  iron  wire  allows  the  hydrogen 
oeduded  in  the  part  acted  on  by  add  to  spread  into  the  other  part,  di- 
stinct traces  of  hydrogen  being  observed  17  centims.  from  the  part  affected 
by  add.  The  dose  unfibrous  structure  of  steel,  on  the  contrary,  seems  to 
oppose  this  altogether,  it  being  questionable  if  the  hydrogen  spreads  2  to 
3  centims.  beyond  the  part  immersed  in  add. 

When  that  part  of  the  iron  wire  which  was  protected  from  but  still 
affected  by  the  add  was  broken  and  the  fracture  moistened,  the  bubbles 
of  gas  arose  almost  exclusively  from  the  centre  of  the  fracture,  while 
from  the  part  immersed  in  add  they  arose  equally  from  the  w^hole  sur- 
face, and  took  less  time  to  attain  their  maximum. 
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rcmred  were  laid  on  the  table,  and  thanks  ordered  for 

Papers  were  reftd  : — 

rigin  and  Mechanism  of  Production  of  the  Pria- 
Columnar)    Structure   of   Basalt."      By  Robert 
■.R.S.     Received  December  12,  1874. 

(Abstract.) 

ring  briefly  traced  the  history  of  geological  opinion  on 
1  before  the  period  at  which  the  controversy  at  which 
[ueouB  origin  of  baaalt  might  be  viewed  as  settled,  and 
'  views  of  some  of  Ihe  more  prominent  British  authors 
■  recent  date,  points  out  that,  up  to  the  present,  no  dear 
retic  views  have  been  enunciated  to  account  for  prismatic 
It,  and  that  it  is  impossible  to  gather,  with  any  distintt- 
iiatic  writers,  whether  prismatic  structure  be  duo  to  con- 
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indefinitely  greater  than  that,  and  assuming  the  material  at  one  tem- 
perature initiallj,  homogeneous-  and  isotropic,  and  that  cooling  takes 
plaoe  from  the  top  surface  only,  he,  on  these  data,  proceeds  to  con- 
sider the  phenomena  that  will  successively  result  by  contraction  in 
coding. 

WhUe  the  mass  remains  at  its  upper  part  still  plastic  by  heat,  contrac- 
tion  wiU  be  met  by  internal  movements  and  subsidence  of  the  top  surface, 
and  no  cracking  or  splitting  can  take  place  until  the  material  there  has 
become  rigid  enough  to  break  under  tensile  strain.  He  points  out  that 
this  degree  of  rigidity,  or  **  splitting  temperature,"  is  not  reached  until 
the  top  surface  has  fallen  to  between  900""  and  60(P  Fahr. 

At  this  temperature  the  cooling  surface  begins  to  separate,  by  fracture 
penetrating  perpendicularly  to  it,  into  smaller  surfaces.  These  must  be 
nmilar  and  equal  in  area,  and  such  as  that  their  edges  in  contact  can 
make  up  a  continuous  superficies.  To  relieve  the  orthogonal  strains  in 
the  cooling  snr&ce,  and  to  meet  the  above  conditions,  only  three  geo- 
metric figures  for  the  separating  sur&uies  are  possible — ^namely,  the  equi- 
lateral triangle,  the  square,  and  the  regular  hexagon. 

The  author  then  inquires  why  the  last  of  these  is  normally  the  form 
found  in  nature.  He  traces  this  to  the  law  of  least  action  which  governs 
the  play  of  all  natural  forces  whose  final  result  is  produced  by  the  least 
possible  expenditure  of  force.  He  shows  that,  in  a  contracting  surface 
splitting  up  into  equal  areas,  the  expenditure  of  work  will,  for  the  equi- 
lateral triangle,  the  square,  and  the  regular  hexagon,  be  approximately  as 
the  nmnben  1*000,  0*680,  and  0*519.  This  economy  of  force  decides  the 
hexagon  as  the  form  found  in  nature.  The  diameter  of  the  hexagon,  which 
Is  tiie  upper  surface  of  the  inceptive  hexagonal  prism,  is  shown  to  be  fixed 
by  ihe  relation  that  subsists  between  the  coefficient  of  contraction  of  the  ma- 
terial and  Uiat  of  ite  extension  at  rupture  by  a  tensile  force  at  the  splitting 
temperature.  This  decides  the  diameters  of  the  separate  prisms.  The 
splitting  by  contraction  proceeds  into  the  mass  always  in  a  direction  per- 
pendicular to  the  cooling  surface ;  and  at  any  instant  the  splitting  is  limited 
in  ite  progress  by  the  isothermal  couche  which  is  at  the  splitting  tempe- 
rature within  the  mass ;  for  within  that  couche  the  mass  is  still  plastic. 
In  the  case  assumed,  the  prisms  formed  are  straight  and  vertical.  When 
the  splitting  has  proceeded  to  some  distance  within  the  mass,  the  further 
cooling  of  each  prism  takes  place,  not  only  from  the  top,  but  from  the 
sides ;  and  the  more  important  conditions  influencing  the  latter  in  nature 
are  pointed  out. 

Any  one  prism  is  coldest  at  ite  extremity,  and  its  temperature  increases 
akmg  ite  length  to  the  other  end,  where  the  splitting  is  still  proceeding. 
The  prism  is  hotter  also,  for  any  transverse  section,  as  we  approach  ite 
axis  than  about  the  exterior;  differential  strains  in  the  longitudinal 
direction  thus  take  place,  by  cooling  and  contraction,  between  the  succes- 
siye  imaginary  oowihes^  taken  from  the  exterior  to  the  axis  of  the  prism. 
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!  the  outer  portions  of  the  prismH  to  tear  asunder  at 
■  h  dependent,  like  the  diameter  of  the  priams  themselves, 
\i  subsisting  between  the  coefficient  of  contraetion  and  of 
lupture  of  the  material. 

Itracta  not  only  in  its  length,  but  in  its  diameter ;  trana~ 
It  iti  surface,  when  it  occurs,  is  therefore  due  to  the 
I)  orthogonal  forces,  the  one  parallel  to  the  axis  of  the 
l  referred  to,  and  the  other  in  a  plane  transverse  to  the 
\>  forces  are  proportionate,  the  first  to  the  length  of  the 
It-ceding  joint  or  from  its  extremity,  the  second  approxi- 
1-emidiameter  of  the  hes^on  or  mean  radius  of  the 
z^sultant  of  these  two,  at  any  point  taken  round  the 
\  to  the  axis  and  tending  towards  it  in  direction.  As 
liogeneous  solid  always  takes  place  transverse  to  the  line 
'  fracture  producing  a  transverse  joint  takes  place 
lides  of  the  prism — the  obliquity  becoming  less  as  the 
i  towards  the  axis  of  the  prism,  so  that  when  com- 
liaped,  the  convex  surface  of  the  fracture  always  point- 
I  direction  as  that  in  which  the  splitting  of  the  prism 


Pg- 


lich  ifl  believed  to  be  the  first  ever  presented  which, 

i  laws,  completely  accounts  for  the  production  of  the 

d  jointa,  ia  verified  and  illustrated  by  several 
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nomial  hexagonal  form  is  returned  to  in  such  a  manner  as  to  require  only 
the  minimnm  expenditure  o£  work. 

The  conditions  producing  greater  or  less  interspaces  between  the 
prisms,  which  may  vary  from  point  to  point  of  the  same  mass,  are  pointed 
out,  as  also  those  which  cause  the  spaces  between  successive  joints  in 
adjaoent  prisms  to  coincide  in  successive  planes,  transverse  to  their  axes 
or  the  contrary. 

The  author  then  proceeds  to  discuss  the  various  positions  in  space,  and 
relatiTely  to  each  other,  which  the  axes  of  the  prisms  must  assume, 
dependent  on  the  general  law,  as  already  stated,  that  the  axes  of  the 
prisms,  however  produced,  are  always  normal  to  successive  isothermal 
e(niehe8  or  planes  at  the  splitting  temperature,  taken  in  succession  within 
the  mass. 

if  the  mass  be  tabular,  as  already  assumed,  and  cooling  take  place  only 
from  the  top  sur&ce,  the  prisms  will  be  straight  and  vertical,  extending 
from  top  to  bottom  nearly  of  the  tabular  mass,  and  being  separated  from 
the  bottom  on  which  it  rests  by  a  more  or  less  thick  layer  of  irregular 
angnUi"  fragments,  or  of  badly  conducting  material,  tufa,  scoria',  <&c.,  the 
conTex-surfaces  of  the  cross  joints  all  pointing  downwards.  If  the  mass  cool 
both  from  the  bottom  and  the  top,  the  prisms,  vertical  and  straight,  will 
split  upwards  and  downwards,  and  meet  in  an  irregular  intermediate 
stratum  of  angular  fragments,  the  convex  surfaces  of  the  joints  of  the 
lower  prisms  pointing  upwards,  and  the  respective  lengths  of  the  upper 
and  lower  ranges  depending  on  their  relative  rates  of  cooling.  If  the 
tabular  mass  cool  also  from  one  or  more  of  its  sides,  as  by  an  abutting 
wall  of  rock,  prisms  will  be  produced  with  their  axes  perpendicular  to  that 
wall,  and  will  be  separated  from  the  vertical  ranges  of  prisms  by  an 
inclined  stratum  of  angular  fragments.  Also,  if  the  basalt  fill  a  crevasse 
producing  a  dyke,  the  prisms  formed  by  cooling  will  be  generally  trans- 
verse to  the  plane  of  its  walls,  and  meet  somewhere  towards  the  centre  in 
a  stratum  of  more  or  less  irregular  fragments,  due  in  all  cases  to  the  irre- 
gular contractions  at  the  extremities  of  the  prisms  breaking  up  their 
mass  there  into  wholly  irregular  forms.  If  the  upper  and  cooling  sur- 
face have  a  curved  convex  contour,  the  prisms  will  be  taper  and  convergent 
from  the  surface  of  the  mass ;  and,  on  the  contrary,  if  the  cooling  surface 
have  a  concave  contour,  or  rest  upon  a  concave  bottom,  the  prisms  will 
be  divergent  from  the  interior  of  the  mass,  the  natural  law  of  economy  of 
work  limiting  the  length  or  amount  of  taper  in  either  case  and  the 
length  of  the  prisms,  and  at  a  certain  length  of  prism  a  new  range  of 
larger  diameter  partially  or  wholly  then  commencing.  The  convergence 
or  divergence  are  simple  consequences  of  the  general  law,  that  the  split- 
ting takes  place  always  normal  to  the  isothermal  couches  which  are  at 
the  splitting  temperature. 

The  author  then  proceeds  to  develop  and  illustrate  by  diagrams  some 
of  the  varied  and  curious  combinations  which  are  observable  in  nature, 
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r  lesa  combined  play  of  these  coaditions.     He  then 

s  a  cousequeuce  o£  the  general  law,  the  produotion 

lioae  with  apparently  bent  axes,  which  are  observed 

Bdtic  countries.      If  the  cooling  masa  of  bosaJt  be  in  one 

|.'LiunB  of  such  a  form  that  siicceBBive  isothermal  eottehet, 

ing  order,  are  not  paraUel  to  the  original  cooling  Burfa«e, 

cases  of  straight  and  parallel  prisms,  but  divergent 

e  cooling  surface  and  from  each  other,  then  the  lines  (rf 

■ismB,  always  normal  to  these  couches,  must  be  curved  in 

■rhia  will  be  true  whether  the  isothermal  covtlifs  be  pl&ae 

lit  from  a  thinner  to  a  thicker  part  of  the  mass,  or  whether 

I  aurfivcea  arising  from  the  mass  reposing  on  a  cnrved 

ii'giiig  in  like  manner.     This  explanation  of  the  produc- 

vithout  the  necessary   intervention  o£  external 

ig   bent  into  curvea    prisms    originally   formed 

Bauthor  K'UeveB,  here  tor  the  tirst  time  presented.     He 

I  difficulties  exist  to  the  supposition  that  curved  prisma 

Jaiilt  of  the   bending  of  prisms  origiually  straight   by 

|anica1  effort.     The  author  having  thus  shown  that  all  tlie 

1  presented  in  nature  by  the  forms,  jointingB,  positions 

oliminar  basalt  are  accounted  for  as  consequenceB  of 

,  submits  that  this  solution  given  by  him  must  be 

proceeds  to  examine  at  some  length  the 
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diatmct.  The  paper  is  chiefly  a  record  of  ob8er>'ations  made  by  this  method. 
The  author  shows : — 

1.  After  a  horizontal  section  of  the  cornea  has  been  sealed  up  for  about 
24  hoorSy  the  stellate  branched  cells  are  seen  to  consist  of  a  mass  of  pro- 
toplaama,  sharply  defibed  on  every  side,  except  where  it  is  continued  for 
a  acaroely  perceptible  distance  into  the  processes.  The  nucleus  is  flat- 
tened. The  processes  become  very  fine,  glistening,  and  thread-like 
almost  immediately  after  leaving  the  cell,  and,  by  dividing  and  anasto- 
mosing with  the  processes  of  other  cells,  form  a  rich  and  very  delicate 
network. 

2.  It  sometimes  happens,  although  only  in  rare  instances,  that,  in  gold 
preparations,  fine  dark  lines  extend  between  the  nuclei,  and  correspond  in 
outline  and  course  with  the  processes  seen  in  the  aqueous  humour ;  and  it 
is  then  evident  that  they  are  surrounded  by  the  dark-coloured  tracts  which 
form  the  ordinary  network  seen  in  gold  preparations,  and  which  corre- 
spond, in  outline  and  varying  degree  of  development  in  different  animals, 
ageSy  and  pathological  conditions,  with  the  corneal  spaces. 

3.  Similar  appearances  to  those  described  in  paragraph  1  are  seen  in 
sections  of  cornea  which  have  been  5  to  10  days  sealed  up.  in  a  10-per- 
oent.  solution  of  common  salt. 

4.  The  quadrangular  and  long  narrow  flat  cells  shown  by  the  author 
to  exist  in  the  cornea,  by  means  of  a  saturated  solution  of  potash,  are  also 
rendered  visible  by  the  above  method.  They  are  best  seen  in  oblique 
sections,  from  which,  after  2  to  5  days,  they  fall  out  singly  and  in  rows. 
A  row  of  the  long  narrow  cells  is  often  seen  to  terminate  in  quadrangular 
cells  at  either -end.  These  cells  have  a  perfectly  hyaline  appearance; 
their  nucleus  has  a  very  faint  yellowish  tinge,  and  projects  beyond  the 
surface  of  the  cell. 

In  exceptional  instances,  in  the  uncut  cornea  of  the  frog,  the  long 
flat  cells  may  be  seen,  after  several  days'  maceration,  lying  on  the  primary 
bundles. 

5.  In  tendon,  flat  masses  of  cells  are  found,  on  the  third  to  fifth  day, 
lying  on  the  edge  of  the  preparation  and  free  in  the  fluid.  The  cells  are 
accurately  fitted  to  each  other,  after  the  manner  of  an  epithelium.  In 
the  tendo  Achillis  of  the  frog  they  are  seen  of  three  sizes : — (a)  large 
cells,  corresponding  to  the  flat  cells  seen  on  the  surface  by  nitrate  of 
silver ;  (5)  smaller  quadrangular  ceUs,  similar  in  size  to  those  described 
by  Banvier,  and  which  have  been  described  by  the  author  as  investing  the 
secondary  and  tertiary  bundles  in  double  layers ;  and  (c)  long,  narrow, 
flat  cells,  similar  to  those  described  by  the  author  as  being  isolable  by 
potash,  and  as  covering  the  primary  bundles. 

The  masses  of  the  cells  of  the  surface,  and  of  the  secondary  and  ter- 
tiary bundles,  can  be  usually  seen  to  consist  of  a  double  layer  separated  by 
a  very  thin  transparent  medium. 

6.  The  perimysium  and  neurilemma  are  respectively  represented  by  a 
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'  quadrangular  and  hexagonal  cells,  identical  in  general 
h  an  epithelium.     Between  the  two  layers  there  is  a  thin 
dium. 

neurilemma  of  the  sciatic  nerve  of  the  frog,  when  cut  in 
linal  strips,  aft«r  a  few  hours,  branched  cells  of  different 
are  seen  isolated  iu  the  fluid  near  the  cut  edges.     These 
o  well-marked  general  types.     In  one  a  small  smooth- 
;a,t.ed  mass  of  protoplasma  is  continuous  at  both  enda  with 
■ead-liko  libre ;  in  another  an  irregularly  contoured,  but 
ivhat  elongated,  mass  gives  o2  numerous  sharply  defined, 

ea  at  one  end  by  a  single  fibre,  and  by  two  at  the  other. 
T  often  of  groat  length,  and  the  protoplasmic  mass  can 
,■  be  found  by  carefully  tracing  them  whilst  moving  the 

tissue  is  seen  to  bo  composed  of  uniform  flat,  ribbon-Hke 
ireadth  approaches  the  diameter  of  a  human  red  blood- 
cse  are  seen  in  their  simplest  form  when  extruded  from  the 

the  sciatic  nerve  of  the  frog,  which  takes  place  within 
ration.  From  their  position  in  this  membrane  they  form 
loparent  medium  which  exists  betiveen  the  two  layers  of 
i.-lls.      They  are  mostly  marlted  by  a  puckered  appearance 
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element  bend  in  one  direction  until  thej  join,  and  the  substance  of 
the  ring  thus  formed  undergoes  in  both  a  similar  and  peculiar  prooens 
of  disintegration.  From  these  fact«  the  author  infers  that  the  rods 
and  cones  of  the  retina  are  composed  of  fibrillary  tissue  in  its  simplest 
fonn. 

12.  TransYerse  sections  of  muscular  fibre,  when  examined  at  inter\'als, 
allow  Tarying  appearances,  only  a  small  minority  of  such  preparations 
being  successful.  Successful  preparations  show  one  or  more  of  three 
appearances  : — (a)  primary  bundles,  corresponding  to  Cohnheim's  fields ; 
(6)  groups  of  these  (secondary  bundles),  the  aggregate  of  which  fill  up 
tlie  space  bounded  by  the  sarcolemma ;  (c)  a  threadwork  of  fine  fibres 
BURtmnding  the  primary  bundles,  in  meshes. 

13.  Examination  of  connective  tissue,  in  various  stages  of  inflamma- 
tion, yields  strongly  confirmatory  evideuco  in  favour  of  the  interpretation 
giyen  by  the  author  to  the  appearances  above  described. 


January  28,  1875. 

JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ord(»red  for 
them. 

The  following  Papers  wore  read  : — 

I.  ''On  the  Theory  of  Ventilation  :  an  attempt  to  establish  a 
positive  basis  for  the  calculation  of  the  amount  of  Fresh  Air 
required  for  an  Inhabited  Air-space.''  By  Surgeon-Major  F. 
DE  Chaumont,  M.D.,  Assistant  Professor  of  Hygiene,  Army 
Medical  School.  Communicated  by  Prof.  Pakkes,  M.D., 
P.R.S.     Received  November  18,  1874. 

The  question  of  ventilation,  and  the  amount  of  fresh  air  required  to 
keep  an  inhabited  air-space  in  a  sweet  and  healthy  condition,  has  been 
much  discussed  of  late  years,  and  very  fully  treated  of  by  various  writers ; 
but  there  was  a  good  deal  of  vagueness  and  want  of  precision  in  the 
manner  of  treatment  pre>'ious  to  the  Report  of  the  Committee  on  Metro- 
pditan  Workhouse  Infirmaries  in  1867.  In  a  paper  in  the  *  Lancet'  in 
1866 1  attempted  to  show  that  a  more  scientific  method  might  be  employed, 
and  BUggested  some  formula,  which  were  quoted  by  Dr.  Parkes  in  a  paper 
appended  to  the  Report  above  mentioned.  Professor  Donkin  also  inves- 
tigated the  question  there,  and  in  a  short  but  exhaustive  paper  showed 
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a  air-spiice  being  admitted,  the  same  amount 
Biiired  to  ventilate  it,  whatever  it«  size  might  be.  In 
Bpublished  in  the  'Edinburgh  Medical  Journal'  in  May 
lito  the  subject  with  the  view  of  pointing  out  that  we  might, 

ta,  establish  a  basia,  whifh  should  be  both  ecientiSc  and 
fttimating  the  amount  of  air  required  ;  and  I  adduced  some 
f  that  the  evidence  of  the  senses  might  be  employed  (if  used 

,■  and  precautions)  as  the  ground-work  of  a  scale,  and  gave 
If  the  amounts  of  respiratory  impurity  (estimated  as  CO,) 

Tided  to  certain  conditions  noted' as  affecting  the  sense  of 
Biaper  attracted  the  attention  of  General  Morin,  who  made 

short  article  in  the  Jouraal  of  the  Conservatoire  des  Arta 
ing  last  year.     Since  the  publication  of  my  paper  in  18C7 

ited  more  data  ;  and  the  number  of  observations  being  now 

e  at  least  a  fair  approximation  to  the  truth,  I  beg  to  call 
c  reaulta, 

y  admitted  that  it  is  organic  matter,  either  Huspended  or 

vapour,  that  is  the  poison  in  air  rendered  impure  by  the 
Bjiiration.     It  is  also  admitted  that  it  is  the  same  substance 

lisagreoable  sensation  described  as  "  closeness  "  in  an  ill- 
tpace.      Although  the  nature  of  the  organic  matter  may 

ti  extent,  it  ttUi  be  allowed  that  a  condition  of  good  ven- 
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stni0laon»  to  enter  the  cells  directly  from  the  open  air.  All  the  results, 
tiierefore,  have  been  obtained  in  buildings  where  this  could  be  done,  viz. 
huTBcks  and  hospitals,  and  the  following  are  tho3c  examined  : — 

Aldershot  Permanent  Barracks. 

Hilsea  Barrack  Huts. 

Hilsea  Hospital  (Pavilion  building). 

Herbert  Hospital  (Pavilion),  WooKnch. 

Chelsea  New  Barracks. 

Tower  of  London. 

Gh>8port  New  Barracks. 

Anglesea  Barracks,  Portsea. 

Fort  Elson  1 

Fort  Brockhurst  j  ^^^'^^^'^^' 

Garrison  Hospital,  Portsmouth. 

Civil  Infirmary,  Landport. 

The  plan  followed  in  all  was  to  take  the  observations  chiefly  at  niglit, 
when  the  rooms  or  wards  were  occupied,  and  when  fires  and  lights  (except 
the  lamp  or  candle  used  for  the  observation)  were  out.  In  this  way  all 
disturbing  sources  of  CO,,  were  avoided,  except  in  the  occjisional  rare 
instances  of  a  man  smoking  in  bed  or  the  like.  On  first  entering  the 
room  from  the  outer  air  the  sensation  was  noted  and  recorded  just  as  it 
oocuired  to  the  observer,  such  terms  as  "  fresh,"  "  fair,"  "  not  close," 
**  dose,"  "  very  close,"  "  extremely  close,"  <fec.  being  employed  *.  JVIost 
of  these  notes  were  made  by  myself ;  but  a  good  many  were  also  made  by 
my  assistants.  Sergeant  (now  Lieutenant)  Sylvester  in  the  earlier,  and 
Sergeant  H.  Turner  in  the  latter  experiments.  The  air  was  then  collected 
(generally  in  two  jars  or  bottles,  for  controlling  experiments),  and  sot 
aside  with  lime-water  for  subsequent  analysis,  and  the  temperatures  of 
the  wet-  and  dry-bulb  thermometers  noted.  About  the  same  time  samples 
of  the  external  air  were  also  taken,  and  the  thermometers  read.  In  this 
way  any  unintentional  bias  in  the  record  of  sensations  was  avoided,  and 
this  source  of  fallacy  fairly  well  eliminated. 

In  some  of  the  earlier  observations  the  CO,  in  the  external  air  was  not 
observed  as  constantly  in  connexion  with  the  internal  observations,  partly 
because  the  importance  of  this  was  not  so  clearly  perceived  then,  and 
partly  from  want  of  apparatus,  the  jars  used  being  very  bulky  and  not 
easy  of  carriage.  It  might  therefore  be  argued  that  the  combination- 
weights  of  the  earlier  experiments  should  be  loss  in  calculating  the  ave- 
rages. I  do  not  think,  however,  that  this  would  amount  to  any  sensible 
difference  in  the  result,  as  the  external  CO,  ratios  adopted  from  single 
experiments  accord  fairly  with  the  mean  ratio  of  the  outer  airt.   In  each 

*  NJ3.  The  terms  used  in  the  Tables  are  exactly  tliose  noted  down  at  the  time  of 
oljioiTiition. 

t  Mean  ratio  of  the  whole  series  *372 ;  omitting  those  at  Portsmouth  Gkrrison  Hos- 
pital, which  were  ezoeptionally  low,  413. 
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haB  been  coirecied  for  temperature,  but  not  for  barometric 
Bome  cases  the  reading  of  the  barometer  was  not  taken ; 
however,  would  not  exceed  on  an  average  1  percent.    The 

imidity  were  calculated  from  Glaishers  Tables. 

le  records  of  sensation  are  various  in  terms,  1  have  thought 

it  be  advantageously  reduced  to  Jive  orders  or  classes,  as 

uding  such  expressions  aa  "  fresh,"  "  fair,"  "  not  close," 
ipleasant  smell,"  &c.,  indicating  a  condition  giving  no  appre- 
differeiit  sensation  from  the  outer  air. 
uding  such  expressions  as  "  rather  close,"  "  a  little  close," 
i-ery  foul,"  "  a  little  smell,"  &c.,  indicating  the  point  at 
organic  matter  begins  to  be  appreciated  by  the  sense  of 

ose,"  indicating  the  jjoiut  at  which  oi^nic  matter  be^ns  tofl 
dedly  disagreeable  to  the  sense  of  smell.                                  ' 
!ry  close,"  "  bad,"  Ac,  indicating  the  point  at  which  cffganio 

begins  to  be  offensive  and  oppresaiie  to  the  aensCB. 
[fremely  close,"  "  very  bad,"  &c.,  indicating  the  point  at 

the  maximum  point  of  differentiation  by  the   BenacB  is 
J. 
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UiiiB  obtained  shown  as  another  means  of  estimating  the  value  of  the 
series. 

Analyses  of  the  different  Orders. 

No.  1  (see  Table  No.  1)*. — "  Eresh  "  &c. :  a  condition  of  atmosphere 
not  sensibly  different  from  the  external  air. 

1.  Temperature. — ^The  experiments  were  made  during  both  winter  and 
summer,  so  that  there  is  a  good  deal  of  variation  in  the  external  tempe- 
rature, and  the  mean  is  some  degrees  above  the  mean  annual  temperature 
of  this  country  (southern  part  of  it),  viz.  57^*47.  The  mean  in  the  inha- 
Uted  aiivspaces  is  62^*85,  or  5^*38  higher.  This  is  a  moderate  difference, 
aind  shows  a  good  average  temperature  for  dwelling-rooms.  The  maxi- 
mum range  is  10^  (57^*89  to  67^*81),  calculated  from  the  error  of  mean 
square,  the  actual  extremes  being  77^  and  53°. 

2.  Vapour  and  Humidity. — ^As  the  external  temperature  varied  con- 
siderablj,  so  also  did  the  amount  of  vapour,  the  mean  being  4*285,  equal 
to  about  80  per  cent,  of  humidity.  The  internal  observations  showed  a 
mean  of  4*629,  or  73  per  cent,  of  humidity,  being  an  excess  of  vapour  of 
0*344  of  a  grain,  and  a  lowering  of  relative  himiidity  equal  to  7  per  cent. 

3.  Carbonie  Acid. — The  mean  external  carbonic  acid  was  0*4168,  a 
little  above  the  usual  amount.  The  mean  in  the  inhabited  air-spaces  was 
0*5998,  or  an  excess  of  0*1830,  the  mean  error  being  0*0910.  The  pro- 
bable error  of  a  single  observation  is  0*0831,  so  that  the  truth  would  lie 
between  0*2661  and  0*0999 ;  whilst  the  probable  error  of  the  result  is 
only  0*0078,  the  range  being  between  0*1908  and  0*1752 ;  we  are  there- 
fore entitled  to  say  that  the  limit  of  impurity,  imperceptible  to  the  sense 
of  smell,  lies  at  or  within  0*2000  volume  of  CO^  per  1000  as  a  mean. 
From  these  data,  then,  we  may  lay  down  as  conditions  of  good  ventilation 
the  f oUowing  : — 

Temperature  about  63°  Eahrenheit. 
Vapour  shall  not  exceed  4*7  grains  per  cubic  foot. 
Carbonic  acid  shall  not  exceed  the  amount  in  the  outer  air  by  more 
than  0*2000  per  1000  volumes. 

• 

No.  2  (see  Table  No.  2). — **  Bather  close  "  &c. :  a  condition  of  atmo- 
sphere in  which  the  organic  matter  begins  to  be  appreciated  by 
the  senses. 

1.  Temperature. — In  this  series  the  external  temperature  (although 
still  above  the  mean  temperature  of  this  climate)  was  rather  lower  than 
in  the  previous  one,  viz.  54^*85,  whilst  the  internal  observations  gave  a 
mean  of  62^*85  (the  same  as  in  No.  1),  or  a  difference  of  8°. 

2.  Vapour  and  Humidity. — Although  the  temperature  was  the  same  as 
in  No.  1,  the  amount  of  vapour  in  the  inhabited  air-spaces  was  greater, 

*  It  baa  not  been  thought  neoesBary  to  publish  Tablee  1-5,  but  they  are  preaeired  in 
the  Arduvai  of  the  Society. 
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and  relatively,  the  excess  being  0-G87  of  a  grain  and  the 
imidity  being  about  7'6  per  cent. 

Acid. — The  nie-an  amonnt  in  the  outer  air  waa  0-4110  per 
,  in  the  inhabited  air-spaees  0-8004,  or  a  mean  difference 
npurity)  of  0-3894.     The  range  for  the  probable  error  of 
B-een  0-4057  and  0-3731. 

erefore  say  that  ventilation  ceases  to  be  good  when  the  fol- 
:ona  are  present : — 

,he  air  exceeds  4-7  grains  per  cubic  foot, 
sa  over  out«r  air,  ratio  reaching  0-4000  per  1000  volumes. 

w  Table  No.  3).—"  Ooae  "  Ac. :  the  point  at  which  the 
nic  matter  begins   to  bo  decidedly  disagreeable  to   the 

tare. — The  temperature  in  this  series  was  more  near  the 
limate,  vii.  51°-28.     The  mean  in  the  inhabited  air-space 

a  mean  excess  of  12°-01. 

md  IliimidUi/. —The  vapour  in  the  outer  air  was  3-837,  and 
ed  air-space  4-909,  a  mean  difference  of  1-072  grain  per 
'he  drying  of  the  air  amounted  to  a  lowering  of  the  humidity 
>ent.  ' 

^c»/.— The  carlionJL-  arid  iu  the  outer  air  waa  0-3705  per 

1875.]  Theory  of  Ventilation.  193 

0*8432,  the  Tange  for  probable  error  of  result  being  between  0*8640  and 
0-8224. 

We  may  say  that  ventilation  is  very  bad  when : — 

Vapour  reaches  5  grains  per  cubic  foot. 

Oarbonic  add  in  excess  over  outer  air  reaches  0*8000  per  1000  volumes. 

No.  6  (see  Table  No.  6). — "  Extremely  close  "  &c. :   the  maximum 
point  of  differentiation  by  the  senses. 

1.  Temperatwre. — The  temperature  in  the  outer  air  was  51°*86,  and 
in  the  inhabited  air-spaces  65°'05,  gi>ing  a  mean  difference  of  13^*19. 

2.  Vapour  and  Humidity, — The  mean  vapour  in  the  outer  air  was 
3*875,  and  in  the  inhabited  air-spaces  5*194,  showing  an  excess  of 
1*319  grain,  corresponding  to  a  lowering  of  relative  humidity  of  9*88 
per  cent. 

3.  Carbonic  Add. — The  mean  amount  in  the  outer  air  was  0*4001,  or 
exactly  the  average  amount.  In  the  inhabited  air-spaces  it  was  1-2818, 
showing  an  excess  due  to  respiratory  impurity  of  0*8817  per  1000 
volumes,  the  range  for  the  probable  error  of  result  being  between  0*9202 
and  0-8432. 

The  extreme  point  of  differentiation  by  the  senses  is  thus  reached  when 
the  following  conditions  are  found : — 

Vapour  6-100  grains  per  cubic  foot. 

Carbonic  acid  in  excess  over  the  amount  in  the  outer  air  beyond 
0-8500  per  1000  volumes. 

It  will  at  once  be  seen  that  the  figures  in  No.  5  differ  but  little  from 
those  in  No.  4,  and  that  the  probable  limit  of  differentiatio^i  by  the  senses 
is  reached  in  No.  4.  The  number  of  recorded  observations  in  No.  5  is 
also  very  few  comparatively ;  and  I  think  it  would  therefore  be  better  to 
group  the  two  together,  as  below* 

Nos.  4  and  5  combined,  being  the  probable  limit  of  possible  differen- 
tiation by  the  senses. 

1.  Temperature. — In  the  outer  air  51*^*43,  in  the  inhabited  air-spaces 
65^12,  or  a  mean  difference  of  13^*69. 

2.  Vapour  and  Humidity, — The  vapour  in  the  outer  air  was  3*729, 
inside  5-108,  or  a  mean  difference  of  1*379  grain,  corresponding  to  a 
lowering  of  relative  humidity  of  8*92  per  cent. 

3.  Carbonic  Add. — In  the  outer  air  0*3928,  in  the  inhabited  air-spaces 
1-2461,  or  a  mean  difference  due  to  respiratory  impurity  of  0*8533,  the 
range  for  probable  error  of  result  being  between  0*8717  and  0*8349. 

We  may  therefore,  I  think,  say  that  when  the  vapour*  reaches 
6*100  grains  per  cubic  foot,  and  the  CO,  in  excess  0*8000  volume  per 
1000,  the  maximum  point  of  differentiation  by  the  senses  is  reached. 

*  It  18  to  be  understood  that  the  amounts  of  vapour  stated  in  these  cases  are  in 
nferenoe  to  a  mean  temperature  of  about  63**  F. 
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^^^^^^^^Ho  the  Tables  it  will  be  seen  that  there  is  a  regul&r      ' 

^^^^^^^^He  puBS  Erom  one  order  to  another.     The  following 

^^^^■uperatu.. 

Vapour. 

CWbonJe  add. 

^^^^^^■~ 

Svxm 

Inair- 

Eiceu 

Inair- 

Bmen 

outeTair. 

Bpue. 

ouMr  sir. 

•paofl. 

outer  lir. 

^^^^^^^^H~ 

5-38 

4-629 

0344 

0-5098 

0-1S30 

800 

4-823 

O087 

OSOW 

0-3804 

1291 

4009 

1-072 

1-0027 

0-0323 

13W 

B-078 

1-400 
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^^^^^^^^Hi  ia  complete  in  the  C4U-bouic  acid,  although  there  are 

^^^^^^^^H'tis  in  the  temperature  and  vapour  of  No.  6.     Taking 

^^^^^^■iucd,        hav.3 

^^^^^^^B.'         13°-C9       5-1Q6       1-379         1-2461       Q-8533 
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the  next  order.  The  average  rates  of  progression  (including  the  actual 
excess  in  No.  1)  are  : — 

Temperature.  Vapour.  Carbonic  add. 

3°-42  0-346  0-2133 

Here  the  amount  of  vapour  is  exactly  the  actual  excess  in  No.  1,  and  the 
amount  of  carbonic  acid  somewhat  in  excess ;  the  mean,  however,  be- 
tween tills  amount  and  the  actual  recorded  excess  in  No.  1  is  as 
follows : — 

Actual  excess  over  outer  air  in  No.  1   0*1830 

Mean  of  progressive  increase,  as  above 0*2133 

Sum    2)0*3963 


Mean 0*1982 

This  is  sufficiently  close  to  0*2000  to  furnish  some  additional  reason 
for  adopting  this  latter  number  as  the  limit  of  respiratory  impurity  admis- 
sible in  good  vetitilation. 

Values  of  the  several  series,  considered  relatively  to  each  other. 

The  values  are  important  as  a  guide  to  the  more  or  less  trustworthy 
character  of  the  series.    They  have  been  calculated  out  in  three  ways : — 

1.  As  the  reciprocal  of  the  square  of  mean  error. 

2.  As  the  reciprocal  of  the  square  of  probable  error  of  result. 

3.  As  the  ratio  between  the  modulus  calculated  from  the  mean  error 

and  the  modulus  calculated  from  the  error  of  mean  square  of  a 
single  measure. 

The  following  Table  gives  the  values  from  the  first  method,  viz.  as 
reciprocal  of  the  square  of  mean  error  : — 

No.                    Temperature.  Vapour.  Humidity.  Carbonic  acid. 

1 0*0821  6*1300  0*0190  122*0000 

2 0-0625  3*1300  0*0140  34*0000 

3 0*0403  2*6500  0*0110  21*8000 

4 0*0543  2*7700  0*0120  17*0000 

5 0*0664  1*3700  0*0090  14*1000 

4&5 combined  0*0610  2*2900  0*0010  16*5000 

and  the  ratios,  taking  No.  1  as  1000,  are  : — 

1 1000  1000  1000  1000 

2 760  510  735  277 

3 492  431  575  178 

4 662  450  630  139 

5 810  224  473  115 

4<&5comUned  745  374  526  135 
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p  that  there  is  a  dlmiautioD  of  value  pretty  regular  up  to 
a  rise  in  No,  4  and  No.  5  in  the  temperature,  a  rise 
li  fall  in  No.  5  iu  the  viipour  and  humidity,  nhilst  the  fall  is 
Iroughout  in  the  carbonic  acid. 
f  the  result  of  the  combination  of  4  aod  5  gives  a  number 
a  proper  place  after  No.  3,  except  in  the  temperature, 
lig  Table  gives  the  values  according  to  the  second  method, 
cal  of  the  square  of  the  probable  error  of  the  result : — 


Temperetur 


Vapour 


6-2716         293'iiaOOO 


Eumiditj.        Ottrbonio  add. 


1-2 


16378-2000 


4-1165         324-2300  0-5318  3750-4000 

3-7470         281-3300  1-0966  4148-1000 

3-7100         170-000  0-5439  2307-6000 

1-5839           34-2770  0-1986  674-3000 

led,  5-3171         195-8300  0-7708  2957-5100 
I,  taking  No.  1  as  1000,  are  ;— 

1000             1000  1000  1000 

781              1103'  420  229 

711               957  867  253 

704             578  432  141 

302               117  157  41 

667  609  181 
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TaUe  showing  tlie  same  from  Probable  Error  of  Besult. 


No.  of  Order. 

Product. 

Batio. 

1 

. .       32139067       . . . 

.  . .      1000-00 

2 

2661995       . . . 

83-00 

3 

4794655       . . . 

149-00 

4 

791570       . . . 

25-00 

5 

7254       ... 

0-23 

4&6 

2373680       . . . 

74-00 

Here  we  see  a  greater  irregularitj,  No.  3  showing  a  superiority  oyer 
^0. 2y  due  probably  to  the  greater  number  of  individual  obserrations  in 
the  former  case. 

Taking  the  mean  of  the  ratios  by  the  two  methods,  we  have : — 


No. 

No. 

1      » 

1000 

4     = 

144 

2     = 

439 

5       =: 

49 

3     = 

184 

4<&5  = 

135 

ISat  the  discrepancy  in  the  ratios  of  the  values  from  the  probable  error, 
"^irhere  No.  3  exceeds  No.  2,  is  due  to  the  irregularity  in  the  humidity 
^^lumn ;  and  as  this  is  not  an  independent  quantity,  but  dependent  on 
"^he  temperature  and  vapour,  we  may  legitimately  omit  it.  We  shall  then 
kve  the  products  as  follows : — 


Values  from  Mean  Error. 

No. 

Value. 

Batio. 

1. 

61-40            

1000 

2. 

6-65            

108 

3. 

2-33           

38 

4. 

2-56           

41 

5. 

1-28           

21 

4&5. 

2-30           

38 

Values  from  Probable  Error  of  Eesult. 

No. 

Value. 

BaUo. 

1. 

25382435       

1000-00 

2. 

5005632       

197-00 

3. 

4372692       

172-00 

4. 

1455360       

57-00 

5. 

36526       

1-44 

4&5. 

3079500       

121-00 

It  will  be  seen  that  in  the  calculation  from  mean  error  there  is  a  rise 
at  No.  4  in  both  instances,  i.  e.  with  and  without  the  humidity.  There  is 
a  fall  at  No.  5,  whilst  the  combined  series  4  and  5  gives  a  result  which 
follows  naturally  after  No.  3.    We  may  now  reject  Nos.  4  and  5  as  sepa- 


^^M 

^^^^^^^H 
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consider  them  in  coinbinatioa,  when  hu  shall  have  ths 

From                                 From  probablo 
Mean  Error.                         Brror  of  BwuU. 

1000               lOUO 

108           197 

38           172 

38            131 

E  the  two  values  will  be  :— 

1000                     No.  3 108 

153                     Noa.4&5....     80 

'  a  series  o£  ratioa  which  follow  a  regularly  descending 
1  in  the  order  wo  might  have  expeetfld  a  priori,  seeing 
of  smell  is  naturally  leas  acute  aa  the  organic  uiatt«r 
louut.     But  it  is  of  leas  consequence  to  determine  the 
higher  orders  in  the  scale,  except  as  a  measure  of  the 

being  the  very  great  superiority  of  the  first  order,  partt- 

tlio  limit  of  admissible  impurity  in  good  ventilation. 

would  be  according  to  the  following  formula, 
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I  think  that  the  general  opinion  is  that  Angus  Smith's  results  give  too 
low  an  estimate,  and  that  0*600  is  really  the  lowest  that  can  be  with 
safety  admitted. 

The  existing  Army  Begulations  contemplate  a  delivery  of  1200  cubic 
feet  per  head  per  hour  in  barracks ;  but  practical  inquiry  has  shown  that 
this  amount  is  generally  fallen  short  of.  The  result  is  that  the  life  of 
the  soldier,  at  least  during  his  sleeping-hours,  is  passed  in  a  No.  3  air- 
space, or  one  in  which  the  organic  impurity  is  decidedly  d\8(igreedble  to 
the  senses.  Previous  to  1858  he  did  not  even  get  this  moderate  amount 
of  air ;  so  that  his  Uf e  was  spent  in  an  air-space  in  which  the  organic 
matter  was  offensive  and  oppressive  to  the  senses.  II  we  adopt  (as  proposed 
already)  0-2000  per  1000  of  CO,  as  the  limit  of  impurity,  then  3000  cubic 
feet  per  head  per  hour  is  the  amount  which  must  be  delivered,  on  the 
sapposition  that  «=:0-600,  or  3626  if  «=0-706. 

We  may  say,  in  conclusion,  that  the  experimental  data  already  quoted 
fairiy  justify  the  adoption  of  the  following  conditions  : — 

Conditions  as  the  Standard  of  good  Ventilation, 

Temperature  (dry  bulb)  63°  to  Qff^  Fahrenheit. 
„  (wet  bulb)  68°  to  61°         „ 

N.B.  The  temperature  should  never  be  very  much  below  60®,  but  it 
may  be  found  difficult  to  prevent  its  rising  in  hot  weather.  In  any 
caae  the  difference  between  the  two  thermometers  ought  not  to  be  less 
than  4®,  and  ought  not  to  exceed  5°. 

Vapour  ought  not  to  exceed  4*7  grains  per  cubic  foot  at  a  temperature 
of  63  F.,  or  6  grains  at  a  temperature  of  65°  F. 

Humidity  (per  cent.)  ought  not  to  exceed  73  to  75. 

Carbonic  Acid,  Bespiratory  impurity  ought  not  to  exceed  0*0002  per 
foot,  or  0-2000  per  1000  volumes. 

Taking  the  mean  external  air  ratio  at  0*4000  per  1000,  this  would 
give  a  mean  internal  air  ratio  of  0*6000  per  1000  volumes. 

By  considering  separately  the  conditions  found  in  barracks  and  in  hos- 
pitals, or  among  healthy  and  among  sick  men,  a  point  of  some  interest 
and  importance  seems  to  be  indicated — namely,  that  more  air  is  required 
for  the  latter  than  for  the  former  to  keep  the  air-space  pure  to  the  senses. 
This  is  due  either  to  the  greater  quantity  of  organic  matter  or  to  a  dif- 
ference in  its  quality  and  nature.  The  following  results  are  found  from 
the  data  in  the  Tables  : — 

BarraokB.  Hospitalf, 
Mean  amount  of  carbonic  acid  per  1000  volumes  as 

respiratory  impurity  found  when  the  air  was  noted 

as  *'  fresh  "  &c.,  the  impurity  not  being  appreciable 

to  the  senses    0-196        0*167 

Kumber  of  analyses  in  each  group     76  38 

TOL.  XXUi.  B 


^^^^^^^H  Table  (Smimary)  showing  the  :   den. 

^^^^^^^^^1     Detaila  given  in  the  colunmg  under  t 

H(».  4  4  6  com- 
bined. 

Being  the  probn- 
ble  limit  of  p^ 
Bible     diflwen- 
tiation   bj   the 

^^^^^^^^^Pencc  bctneiMi  eitfrnal         intemftl  air 

+08633 
0-2465 

+  1-0998 

0-2M9 
+11482 

+0-5684 

0-1690 

+  1-0432 

+0-6634 

^^^^^^^Hda 
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Adopting  the  above  numbers  as  the  respective  numerical  values  of  each 
cnrder,  we  hare  for  barracks : — 

No.  of  Value 

Na  of  order.  obflerratioxis.         of  order.  ToUiL 

2 89       X       2-i:3       =       18i)-57 

3 88       X       3-46       =       304-48 

4  A  5 97       X       4-GG       =       452-02 

Sums 274  94G07 

giring  a  mean  of  3*45. 
For  hoipitah  we  have : — 

2 20        X        2-Ki       =         42-GU 

3 46        X        3-4G       =       159-1 G 

4  &  6 20       X       4-GG       =         93-20 

Sums 86  294-9G 

giving  a  mean  of  3*43. 

Here  we  find  the  same  numerical  value  (signifying  close)  applied  to 
0*580  in  hospitals  and  0*601  in  barracks.  There  is  thus,  oven  in  this 
comparatively  limited  number  of  observations,  a  confirmation  of  the  opi- 
nion that  more  air  is  necessary  to  keep  an  air-space  sweet  in  disease  than 
in  health.  It  is,  however,  right  to  point  out  that  in  the  one  case  the 
occupation  was  continuous,  and  in  the  other  chiefly  at  night  only. 


II.  '*  On  the  Atmospheric  Lines  of  the  Solar  Spectrum,  illustrated 
by  a  Map  drawn  on  the  same  Scale  as  that  adopted  by  Kirch- 
hoflF.''  By  J.  B.  N.  Hennessey,  F.R.A.S.  Communicated 
by  Prof.  Stokes,  Sec.R.S.  Received,  the  map  June  9,  1874, 
the  text  January  11,  1875. 

(Abstract.) 

The  spectroscopic  observ  ations  described  in  this  paper  were  made  with 
instruments  belonging  to  the  Royal  Society,  and  in  accordance  \\'ith 
certain  suggestions  which  had  been  made  to  the  author  by  a  committee 
appointed  in  consequence  of  a  letter  of  his  to  Sir  Edward  Sabine, 
President,  dated  13th  February,  186G.  In  view  of  his  residence  at  a 
considerable  height  above  the  sea-level,  and  of  the  exceedingly  clear 
atmosphere  prevailing  at  some  periods  of  the  year,  it  was  suggested  that 
the  locality  was  peculiarly  favourable  for  a  determination  of  the  lines  of 
the  sohir  spectrum  due  to  atmospheric  absorption,  and  that,  for  this  pur- 
poAOy  the  solar  spectrum  when  the  sun  was  high  should  be  compared  with 
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t  sunset,  and  any  additional  lines  which  might  appear  in 
Jshould  be  not^d  with  reference  to  Kirchhoff's  laap. 
I  the  author  set  to  work  with  the  spectroscope  first  supplied 
e  autumns  of  18t!8  and  ISfSO  mapped  the  difierences  in 
le  extreme  red  t«  D.  These  results  appeared  in  the 
Bf  the  Eoval  Society  '  for  June  16, 1870,  and  the  map  of  the 
ligh  and  sun  low,  of  the  region  in  question  forms  plate  1 

^nt  first  supplied  to  the  author  was  found  in  practice  to 
Jt'ut  power  to  permit  of  ready  identification  of  the  lines 
I'ctrum  of  the  sun  when  high  with  those  represented  in 
ie«  ape<.troacope  of  greater  power  was  supplied 
L  reached  him  at  the  end  of  the  year  l**?!.  Observa- 
ItuiuatOD  of  his  map  hud  m  the  mean  Imie,  been  taken 
mi  nt  in  the  a.ut  imn""  of  lb70  and  1S71,  and  the  apec- 
Q  D  to  J  in  toutinuatioo  of  the  former  map.  But  the 
Bnt  proved  80  superior  to  the  old  thj,t  the  author  deter- 
Bthe  whole  spectrum  afresh  from  ob«en  ttions  made  with 
r  mapt  mereh  as  «keltton  forms  The  observations 
Kut  wt.re  earned  on  m  the  auturana  of  1872  and 
an  pre'*  nted  is  the  result 
also  in  ide  to  asc  rt-jiu   whether  any  of  the  lines 
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"On  the  alleged  Expansion  in  Volume  of  various  Substances  in 
passing  by  Refrigeration  from  the  state  of  Liquid  Fusion  to 
that  of  Solidification."  By  Robert  Mallet,  F.R.S.  &c.  Re- 
ceived April  28,  1874*. 

The  fact  that  water  expands  in  becoming  ice,  and  that  the  latter  thus 
floats  upon  the  water,  can  scarcely  have  escaped  the  observation  or  in- 
ference of  the  acute  intellects  of  a  remote  antiquity.  Its  conditions,  when 
more  carefully  examined  in  modem  times,  pointed  out  the  strange  and, 
as  it  has  been  called,  anomalous  fact  that  wat«r  can  be  cooled  7°  or  8° 
below  its  freezing-point  without  becoming  eolid,  and  that  between  its 
maximum  density  at  about  39°  Fahr.  and  its  freed ug-point  at  32°  Fahr., 
or  within  the  narrow  range  of  7°  Fahr.,  it  expands  in  the  large  ratio  of 
915 :  1000. 

Standing  thus  alone  amongst  observed  phenomena  in  nature,  it  seems 
to  have  suggested  to  many  experimenters  the  question  whether  other 
bodies  when  liquefied  by  heat  might  not  also  expand  when  becoming  solid 
by  refrigeration.  I  have  not  attempted  to  trace  with  minuteness  the 
history  of  past  inquiry  upon  this  subject,  many  loose  uncertain  state- 
ments as  to  which  have  for  at  least  a  century  continued  to  perplex  scien- 
tific literature.  Reaumur  appears  to  have  been  the  first  who  gave  currency 
to  the  statement  that  cast  iron,  bismuth,  and  antimony  all  expand  in  con- 
solidating. The  like  fact  has  been  alleged  or  left  to  be  inferred  with 
respect  to  the  following  substances  by  the  authorities  named : — 

Silver,  Persoz. 

Copper,  Karsten. 

Mercury  and  Gold,  as  inferred  by  Nasmyth  and  Carpenter. 
*  Bead  Juns  11,  1874.    See  '  Proowdings,'  vol.  xni.  p.  3(6, 
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iiaee-slags,  by  eiperiment  o£   Heimter  and  SneluB,  aa 

Xasmrth  and  Caqwnter, 
t  the  oniybody,  in  addition  to  water,  that  really  appears 
1  in  consolidating  is  bianiutli ;  and  even  this  the  author 
m  the  basis  of  his  own  experiments,  bnt  accepts  the  fact, 
illy,  as  true  upon  the  uncontradicted  statements  of  many 
,  and  upon  the  positive  assurance  which  he  is  permitted 
-.  John  Tyndall  that  he  is  satisfied  of  its  truth.     With 
->  others,  it  ia  the  object  of  this  communication  to  show 

in  support  of  the  alleged  fact  of  expansion  by  refrige- 
and  ioaufficient,  and  to  offer  with  respect  to  cast  iron, 
■spect  to  iron  furuace-alaga,  experimental  proof  of  the 
atement. 

tod  but  oniy  collateral  facts,  having  regard  to  so-called 
I'a  of  volume  due  to  temperature,  will  not  be  referred  to 
'xample,  as  the  anomalous  expansion  of  Hose's  fusible 
•ands  progressively,  like  other  twdiea,  till  it  attains  the 
.  i" ;  it  then  contracts  rapidly  by  added  heat  to  150°,  when 
kam's  '  Elements,'  vol.  i.,  and  Gmelin's  'Handbook '),  the 
ing  here  probably  due  to  the  successive  segregation  in 
^  diffLTiiig  from  each  other  in  constitution,  dilatability, 
i.      Or,  again,  tliK  fatta  observed  with  respect  to  the  ex- 
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icoepted  and  become  current  from  book  to  book  of  authors  up  to  the 
present  day,  as  when  Dr.  T.  Thomson  (*  System  of  Chemistry/  vol.  i. 
p.  375,  5th  edit.)  says  of  cast  iron  that  *'  it  contracts  considerably  when 
it  comes  into  fusion,"  or  that  of  Kerl  ('  Metallurgy  of  Iron/  Crookes  and 
Bohrig^s  translation,  vol.  ii.  p.  291),  that  cast  '*  iron  occupies  a  smaller 
space  after  cooling  than  when  in  the  liquid  state ;  it  contracts  in  such  a 
manner  that,  at  the  commencement  of  its  solidification,  it  first  expands  so 
as  to  be  able  to  fill  up  the  smallest  depressions  and  cavities  of  a  mould,  but 
after  solidifying  it  contracts" — a  loosely  worded  statement,  which  in 
Tarioos  forms  may  be  found  in  a  great  number  of  authors  upon  metal- 
lurgy and  technology.  So  likewise  the  statement  often  repeated,  that 
the  Talue  of  antimony  in  type-metal  consists  in  its  causing  the  latter  to 
expand  upon  consolidation  and  so  perfectly  fill  the  matrix,  is  presented, 
so  fiir  as  the  author's  reading  goes,  without  the  slightest  experimental 
proof  of  its  truth,  and  appears  to  rest  simply  upon  E^umur's  statement 
witii  respect  to  antimony  itself,  which,  as  already  mentioned,  has  been 
controverted  by  Marx.  This  subject,  however,  has  now  assumed  greater 
importance,  since  it  has  recently  been  made  by  Messrs.  Nasmyth  and 
Cupenter  the  foundation  upon  which  they  rest  their  theory  of  lunar 
volcanic  action,  as  presented  to  us  by  the  surface  of  our  satellite ;  and  the 
object  of  the  present  communication  is  to  show  that,  as  r^ards  the  two 
most  pertinent  of  the  substances  adduced  by  these  authors,  viz.  cast  iron 
and  iron  fumaco-slag,  the  facts  entirely  fail  in  support  of  their  theory. 

First,  then,  as  to  cast  iron.  It  is  not  a  fact  that  all  cast  iron  in  the 
solid  state  will  float  upon  all  cast  iron  in  liquid  fusion,  though  such  might 
be  inferred  from  the  broad  and  loose  statements  of  authors.  Even  in  the 
limited  form  in  which  the  statement  is  made  by  Nasmyth  and  Carpenter — 
viz.  "  that  when  a  mass  of  solid  cast  iron  is  dropped  into  a  pot  of  molten 
iron  of  identical  quality  the  solid  is  found  to  float  persistently  upon 
the  molten  metal,  so  persistently  that  when  it  is  intentionally  thrust  to 
ihe  bottom  of  the  pot  it  rises  again  the  moment  the  submerging  agency 
is  withdrawn  "  (*  The  Moon,'  p.  21) — ^is  not  quite  exact. 

It  is  a  fact  that  certain  pieces  of  cast  iron  in  the  solid  and  cold  state 
wiU  float  on  certain  descriptions  of  cast  iron  in  liquid  fusion ;  but  whether 
tiie  solid  pieces  shall  float  or  not  float  in  any  given  case  is  dependent  at 
least  upon  the  following  conditions,  and  probably  upon  others  not  yet 
ascertained : — 

1st.  Upon  the  relative  specific  gravities  of  the  solid  and  of  the  fused 
cast  iron  both  referred  to  the  temperature  of  the  atmosphere.  Under  the 
commercial  name  of  cast  iron  is  comprehended  a  wide  range  of  com- 
pounds of  iron  with  other  substances,  which  compounds  differ  greatly  in 
their  physical  as  well  as  their  chemical  qualities,  and  have  a  range  of 
specific  gravity  of  from  nearly  7*7700  for  the  whitest,  most  rigid,  and 
dense,  down  to  little  more  than  6*300  for  those  which  are  darkest,  softest, 
and  most  porous.    The  total  dilatation  at  the  fusing-point  of  th^  di^TA^t 
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i\i  n  to  be  Bomewhat  greater  than  that  of  the  less  dense  ; 
isis  in  volume  may  not  be  aiilficient  to  eqmiliBe  the  spe- 

\i'r_¥  dense  iron  when  in  fusion  «ith  that  of  a  very  light 
so  it  ia  obvioiia  (hat  ii  piece  of  cold  cast  iron  might  be 
I'forenfe  to  its  specific  gravity,  as  referred  to  that  trf 
L'ast  iron  in  fusion,  that  the  former  Bhoutd  either  sink  or 
ittiT  by  mere  buoyancy,  were  that  free  to  act  alone. 
t;  the  cold  and  the  molten  cast  iron  originally  identical 
tlier  a  piece  of  the  former  shall  float  or  not  float  upon 
U  not  only  upon  buoyancy  as  above,  but  also  upon  the 
;  of  cold  metal— that  is  to  say,  on  the  relation,  all  other 
s;ime,  that  subsists  between  its  volume  and  its  surface. 
■,  whatever  be  its  nature,  which  keeps  the  piece  of  cold 
\-t  of  sufficient  energy  to  overcome  a  considerable  want  of 
cold  iron  under  certain  conditions,  so  that  it  may  float 
,  irou  whose  specific  gravity,  as  such,  is  much  less  than 
•.■e  iron  which  floats  upon  it.     Messrs.  Naamj'th  and 
.-.  without  any  sufficient  proof,  that  solid  cast  iron  floata 
llie  same  quality  in  virtue  of  buoyancy  alone,  and  pro-" 

••  the  inevitable  inference  from  this  is  that  in  the  case 
nhd  w  siificiflcally  lighter  than  the  uiolten,  and  there- 
irii;  froiri  the  moltento  the  solid  condition,  this  substance 
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the  walls  of  the  yessel  being  about  J^  in.  in  thickness/  It  was  per- 
fectly smooth  in  the  inside,  and  the  plane  of  the  lip  of  the  open 
neck  was  carefully  made  parallel  to  the  plane  of  the  base.  This 
Tetsel  weighed,  when  empty,  184*75  lbs.  avoirdupois.  The  orifice  of 
the  neck  being  levelled  as  the  vessel  stood  upon  the  platform  of  the 
veighing-apparatus,  it  was  filled  up  to  the  exact  level  of  the  neck  with 
water  at  a  temperature  of  60^*5  Fahr.,  and  again  weighed.  Deducting  the 
weight  of  the  empty  vessel,  the  weight  of  its  contents  of  water  was  found 
to  be  94*15  lbs.  avoirdupois.  From  the  known  volume  and  weight  of  the 
imperial  gallon  of  distilled  water,  the  capacity  of  the  vessel  was  therefore 
at  60^  Fahr.=2605'5  cubic  inches.  As  a  check  upon  the  results,  both 
as  to  weight  and  capacity,  the  water  was  measured  into  the  vessel 
from  accurate  glass  standards  of  volume.  The  water  employed  was  that 
from  the  well  at  Messrs.  Maudslay,  Sons,  and  Field's  Engine  Works, 
Lambeth,  where  these  experiments  were  conducted,  and  to  whose  liberality 
ike  anther  owes  the  means  of  having  performed  them.  The  specific 
gravity  of  this  well-water  did  not  very  materially  exceed  that  of  distilled 
water,  being  about  1*0004 ;  but  if  we  apply  the  necessary  correction,  the 
weight  of  the  contents  of  the  iron  vessel  of  distilled  water  at  60°  Fahr. 
is  94*112  lbs.  avoirdupois.  The  vessel  being  emptied,  carefully  dried  and 
warmed,  and  stood  upon  a  hard  rammed  bed  of  dry  sand  with  its  neck 
perfectly  level  as  before,  was  now  filled  perfectly  level  to  the  brim  with 
molten  cast  iron.  As  the  temperature  of  the  vessel  itself  rapidly  rose  by 
contact  with  the  large  mass  of  molten  iron  within  it,  and  by  its  dilata- 
tion had  its  capacity  enlarged,  so  the  top  surface  of  the  liquid  cast 
iron  within  it  rapidly  sank,  fresh  additions  of  molten  iron  being  constantly 
made  to  maintain  its  top  surface  level  with  the  brim.  This  was  continued 
until  the  whole  of  the  exterior  of  the  vessel  was  seen  to  have  arrived  at  a 
clear  yellow  heat,  beyond  which  no  increase  to  its  temperature  took  place. 
At  about  twenty  minutes  after  the  molten  iron  was  first  poured  into  the 
vessel,  this  point  was  reached,  the  feeding  in  of  additional  iron  being  dis- 
continued a  few  minutes  previously.  The  whole  being  left  to  cool  for 
three  days,  the  vessel  full  of  the  now  cold  and  solid  cast  iron  was  again 
weighed;  on  deducting,  as  before,  the  weight  of  the  empty  vessel,  the  weight 
of  the  cast  iron  which  filled  it  was  found  to  be  645*75  lbs.,  which,  with 
certain  corrections  to  be  yet  noticed,  was  the  weight  of  cast  iron  which, 
when  in  the  molten  state,  was  equal  to  the  capacity  of  the  conical  iron 
vessel  in  its  expanded  state  due  to  its  exalted  temperature.  We  have 
now  to  determine  what  was  the  capacity  of  the  vessel  in  this  expanded 
state.  The  temperature  at  which  cast  iron  melts  may  be  admitted  as 
about  2400°  Fahr. ;  but  as  iron  tapped  from  the  cupola  is  always  above 
its  melting-point,  we  may  admit  that  it  was  poured  into  the  vessel  at 
2600^  or  2700^  Fahr., -the  surplus  heat  in  the  cast  iron,  whose  mass  was 
about  four  times  that  of  the  wrought-iron  vessel  which  contained  it,  being 
given  off  in  the  first  instance  to  heat  the  latter.  The  temperatvxxe  «i\iN<r\iMSti. 
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liresents  to  the  eye  a  clear  yellow  yisible  in  daylight  mftj, 

>\'ith  the  vieu'B  oE  most  physiciats,  be  takea  aa  between  Uie 

r  and  of  gold,  or  at  2000°  Fahr.     The  mean  coeffi- 

liilatation  for  1°  Fahr.  of  wrought  iron  has  been  determined 

|iiits  of  zpro  and  212°  by  Laplace,  Smeaton,  Troughton,  and 

>  of  the  four  being  0-00000699  for  1°  Fahr. ;  and 

iw  the  truth  for  the  whole  range  of  temperature  up 

e  rate  of  expanaion  of  all  fusible  bodies  appears  toincreAse 

■rature.     Rinmaun  has  determined  the  linear  dilatation  of  a 

1  raised  from  HO"  Fahr.  to  a  white  or  welding 

I  of  its  length,  or  -0125 ;  and  taking  the  total  range  of  tem- 

|)t  2400°,  we  have  a  mean  coefficient  of  linear  dilatation 

r  1°  Fahr.    This  is  a  still  smaller  coefficient  than  the  pre- 

|i1iior  has,  however,  preferred  to  adopt  it  in  order  to  avoid 

exaggerate  in  his  own  favour  the  results  arrived  at.     Ap- 

iumann's  coefficient  to  the  dimensions  of  the  cone  at  60° 

Its  temperature  12000°  Fahr.)  when  at  the  maximum,  we 

Ideduce  the  true  capacity  of  the  cone  when  expanded  to  the 

|led  with  molten  iron,  viz.  =26£ll-77  cubic  inches.     The 

3w  cut  off  by  a  circular  cut  at  the  base  and 

1  riown  the  aide  of  the  cone,  and  separated  from  the  conical 

t  h(i(l  filli'd  it ;  the  interior  surface  of  the  iron  vessel  was 
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taken  by  the  usual  methods,  proved  to  be  7*170,  which  may  be  taken  as 
the  mean  specific  gravity  at  57°  Pahr.  of  the  whole  of  the  cast  iron  that 
filled  tbe  cone.  Beverting  now  to  the  conical  vessel  which  contained  at 
WP  Fahr.  94-112  lbs.  of  distilled  water,  its  capacity  being  2605*5  cubic 
indies :  this  capacity  was  enlarged  by  expansion  when  filled  with  molten 
iron  to  2691*777  cubic  inches,  so  that  the  conical  vessel  when  cold,  if  it 
bad  had  the  same  capacity  as  when  filled  with  liquid  iron,  would  have 
eontained  97*224  lbs.  of  distilled  water.  We  have  now  all  the  elements 
necessary  for  calculating  the  specific  gravity  of  the  cast  iron  which  filled 
the  cone  in  its  molten  state,  because  we  have  the  actual  weights  of  equal 
Tolumea  of  distilled  water  and  of  molten  iron.  The  final  results,  then, 
are,  that  whereas  the  cast  iron  which  filled  the  cone  had  when  cold  (57^ 
Fahr.)  a  specific  gravity,  as  above  given,  =7*170,  the  same  cast  iron  in 
its  molten  state,  as  poured  into  the  cone,  had  a  specific  gravity  of  only 
6*650 — in  this  case  thus  proving  that  the  density  of  cast  iron  in  ita  liquid 
state  is  not  greater  but,  on  the  contrary,  very  much  less  than  that  of  the 
same  cast  iron  at  the  temperature  of  the  atmosphere.  The  quality  of 
cast  iron  employed  in  this  experiment  was  the  fine,  bright,  close-grained 
metal  usually  employed  by  Messrs.  Maudslay,  Sons,  and  Field  for  their 
engine-castings,  and  consisted  of 

i  Gartsherrie,  1  g^^^^ 
.  ^  Coltness,        J  ' 

^  Best  scrap* — all  by  weight. 

It  may  be  taken  aff  a  typical  or  medium  example  of  all  good  grey  cast  irons. 
I  have  not  been  enabled  to  repeat  this  experiment  with  the  white,  rigid, 
and  crystalline  cast  irons,  such  as  are  employed  for  projectiles  and  other 
purposes ;  but  as  it  is  a  recognized  fact  amongst  iron-founders  that  these 
irons  expand  in  the  range  of  temperature  between  solidity  and  liquidity 
much  more  than  do  grey  irons,  so  we  may  justifiably  conclude  that  the  de- 
crease of  specific  gravity  by  fusion  of  these  hard  cast  irons  would  be  in  even 
a  greater  ratio  than  that  shown  by  the  above  experiment  on  grey  iron ;  and 
generally  the  author  feels  himself  justified  in  concluding  that  it  is  not 
true  that  any  cast  iron  is  denser  in  the  fused  than  in  the  solid  state.  Cold 
cast  iron,  therefore,  does  not  fioat  upon  Uquid  cast  iron  of  the  same 
quality  by  reason  of  its  buoyancy,  but  in  virtue  of  some  force  which  tends 
to  keep  it  upon  the  surface  of  the  molten  metal  in  opposition  to  a  very 
considerable  want  of  buoyancy  or  tendency  to  sink  by  greater  density  on 

the  part  of  the  solid  iron,  which  is,  by  the  preceding  results,  ^^  of  its 

weight,  whatever  that  may  be,  and  is  probably  even  greater  than  this  in 
the  case  of  hard  white  cast  irons.  The  author's  chief  object  has  been 
thus  fiir  rather  to  prove  that  the  cause  assigned  by  the  writers  already 
mentioned  is  not  the  true  cause  of  the  floating  of  solid  upon  liquid  cast 
iron  of  the  same  quality.     What  is  the  nature  of  the  force  which  pro- 

*  Pisiised  and  broken-up  castings. 
TOh.  XXIII.  ^ 
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OQS  phenomenon  and  often  in  direct  opposition  to  grarity, 
nd  a  much  more  delicate  and  difficult  inquiry,  which  he 
>hysid8la  to  fully  investigate.    The  foUowingexperimentB, 
lie  placed  on  record  as  tending  to  afford  some  little  dawn 
he  subject. 

ig  esperiments  were  made  with  pieces  of  iron  oaat  from 
.■  same  quality  as  that  which  filled  the  eiperimental  oone, 

immersed  in  niolt^ju  cast  iron  of  like  iiunlity  with  them- 
■i  such  can  be  secured  by  "  tapping  "  at  nearly  the  same 
iame  cupola  charged  with  the  same  materials, 
-(■ding  to  describe  these,  it  will  be  necessary  to  deduce  from 
iriient  a  mean  coefficient  of  total  cubic  dilstatibn  for  the 
.etween  60°  and  2400°  Fahr.  for  the  grey  cast  Iron  em- 
■  experiments.     The  total  dilatation  was,  as  we  have  seen, 
(1  the  spedlic  graiity  oE  the  cast  iron  when  cold  (  =  7-17)  to 
usion.     The-  cubic  dilatation  was  therefore  in  the  inverse 
immherB,  or  as  1000  :  1078 ;  and  dividing  this  increase  in 
ln°  Fahr.,  the  total  range  of  torn pe rat ure,  we  obtain  for 
k'ient  of  cubic  dilatation  of  this  grey  cast  iron  for  1°  Fahr. 
[ir  approxiniiitely  for  its  mean  coefficient  of  linear  dilata- 
I'Onouni.     Thh'se  PoeffidentB  are  nearly  double  those  ob- 

imdby  Lavoisier  for  a  range  of  temperature  of  130°  Fahr.. 
^^ui^l2°^liirM^uit^haMv^lioulj^;x^^ 
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These  preliminary  explanations  will  suable  us  better  to  interpret  the 
foOowing  experiments. 

Experiment  1.  An  irregular  piece,  believed  to  be  of  hard  and  dense 
cart  iron,  and  also  a  ball  of  about  2^  in.  diameter,  believed  to  be  of  close- 
grained  grey  iron :  both  sunk  to  the  bottom  when  throv^-n  into  the  ladle 
of  liquid  iron,  and  remained  for  some  time  at  the  bottom ;  both,  however, 
reappeared  upon  the  surface  when  they  had  acquired  a  temperature  suffi- 
cient to  have  fused  off  portions  of  their  respective  masses. 

[In  eyery  fresh-lined  ladle  of  liquid  cast  iron  there  are  circumferential 
ascending  and  central  descending  currents  in  the  metal,  produced  by  the 
gMCB  eTQlyed  from  the  lining,  as  hereafter  fully  explained.  It  is  no  doubt 
duefly  to^hese  ascending  currents  that  the  heated  ball  in  Experiment  1 
owed  its  ascent  to  the  surface ;  for  if  the  heating  took  place  in  perfectly 
motionless  cast  iron,  there  seems  no  reason  why  the  place  of  the  sunken 
bill  should  change  up  to  the  moment  of  complete  fusion*.] 

Experiment  2.  Two  parallelepipeds,  each  2"  x  2"  x  6",  were  cast  of  close 
gtej  iron ;  one  of  these  was  placed  cold  upon  the  surface  of  a  large  ladle 
of  liquid  iron  of  like  quality ;  the  other  was  heated  as  hot  as  it  would 
bear  without  distortion,  viz.  to  nearly  a  bright  yellow  heat,  in  a  forge-fire, 
and  then  placed  upon  the  surface  of  the  liquid  metal.  Both  pieces  floated, 
and,  as  nearly  as  could  be  judged,  both  to  the  same  height  above  the 
liquid,  namely  0-1808  in.  The  volume  of  the  cold  piece  being  24  cubic 
inches,  the  ratio  of  the  immersed  to  the  emergent  portions  was  as  0*6  to 
1,  the  effective  surface  upon  which  the  repulsive  force  could  act  in  pro- 
ducing floatation  being  12  sq.  in.  Assuming  that  the  heated  piece  has 
been  raised  from  60**  Fahr.  (the  temperature  of  the  cold  piece)  to  2000** 
Fahr.,  and  applying  the  mean  coefficient  of  cubic  dilatation  as  above  given 
to  this  range  of  temperature,  viz.  2000°-  60° =1940°  Fahr.,  we  find  that 
its  yolume  was  enlarged  to  24'76  cubic  inches,  or  =^  of  the  volume 
when  cold ;  and  taking  the  specific  gravity  of  the  cold  piece  to  have  been 
7"17  (see  ante),  that  of  the  hot  piece  would  be  reduced  to  7*10 ;  the  effec- 
tive repellent  surface  was  sb'ghtly  enlarged  in  the  hot  piece,  and  the  im- 
mersed volume  was  to  the  emergent  volume  as  9*66 : 1.  The  buoyancy 
of  the  heated  piece  had  been  increased,  or,  more  correctly,  its  iiegative 
buoyancy  had  been  decreased,  as  compared  with  that  of  the  cold  piece,  but 
yet  it  has  sunk  deeper  into  the  liquid  iron  in  proportion  to  their  re- 
spective volumes.  We  may  therefore  be  justified  in  concluding  that  the 
repellent  force  which  kept  both  pieces  afloat  is  diminished  in  energy  in 
some  proportion  as  the  difference  in  temperature  between  the  liquid  metal 
and  the  piece  floating  upon  it  is  diminished,  and  that  where  the  liquid 
and  the  floating  pieces  are  alike  in  quality  of  metal,  both  the  negative 
buoyancy  and  the  repellent  force  must  both  disappear  at  the  instant  that 
the  floating  piece  itself  becomes  liquid  by  heat  abstracted  from  the  molten 
metal. 

*  All  pueages  printed  in  brackets  take  date  from  20th  December,  1874. 

a^ 


[Mr.  R.  Mallet  on  tfie  alUged  Expansion 

.  Two  eyliudrii;  pieces  of  the  same  grey  cast  iron  uid  of 

Iter  ( =2'375")  were  gently  placed  with  their  axes  hori- 

J-  surface  of  the  molten  iron,  the  one  being  at  60°  Fahr., 

Bmt  300°  Fahr. ;  they  both  flouted  with  a  segment  of  the 

versed  sine  was  0'31  in.  emergent.     The  volume  of  either 

M5  cubic  inches,  and  the  emergent  was  to  the  immersed 

The  effective  repellent  surfiKW  in  each  case  (or  cylin- 

V  the  horizontal  diameter)  was  18'65  sq.  in, ;  but  if  W8 

t  we  have  done,  that  the  repellent  force,  whatever  be  ita 

Icrywhpre  perpendicularly  to  surfaces  of  contact  of  the 

".then  the  effecliverepeUeut  surface  here  is  only  the  differ- 

e  immersed  surfaces  of  the  cylinder  below  and^bove  the 

■ter,  or  9'3  sq.  in.     From  this  we  may  perhaps  conclude 

Jilt  force  is  maiidy  dependent  upon  the  extreme  upper  parts 

1  teraperatun"  lietween  the  liquid  and  the  cold  body,  inas- 

l^iuentation  in  temperature  of  the  latter  of  300",  or  about 

nge  between  solidity  and  fusion  of  the  cast  iron,  pro- 

fiible  alteration  in  the  tendency  to  lloat  of  the  pieces. 

Three  circular  disks  of  the  same  grey  cast  iron,  each  of 

"  in  thickness,  were  proiidcd  each  with  a  slender  iron 

B  centre  of  one  surface,  bo  that  by  a  hooked  wipe 

i  upon  the  surface  of  the  liquid  iron  of  their  own 

mrfaee  and  edge  of  one  disk  were  left  as  it  came  clean 
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Now  the  effectave  repellent  surfaces  are  here  those  of  the  lower  circles 
of  the  lespectiYe  disks,  and  these  surfaces  are  to  each  other  in  the  ratio 
of  1  (the  larger)  to  |.  Whatever  be  the  nature,  therefore,  of  the  repel- 
lent force,  it  seems  to  be  proportionate  to  some  function  of  the  effective 
Bor&oe  as  already  defined,  and  not  to  th'b  immersed  volume  of  the  soHd 
cast  iron  which  floats  upon  a  liquid  less  dense  than  itself. 

In  all  these  experiments  the  mass  of  the  molten  cast  iron  was  large  in 
inroporfcion  to  the  pieces  placed  upon  it,  and  the  surface  was  kept  by  care- 
ful skimming  almost  perfectly  free  from  scorise  or  oxide.  A  good  deal 
of  difficulty  exists  in  observing  the  phenomena  in  such  experiments  as 
these,  owing  to  the  glare  and  heat  of  the  molten  metal.  Whatever  light 
these  five  experiments  may  throw  upon  the  nature  of  the  force  which 
produces  flotation,  the  subject  must  as  yet  be  viewed  as  very  incomplete. 
There  are  some  facts  of  which  no  complete  explanation  can  be  offered 
without  further  experimental  study ;  such  as,  for  example,  that  a  piece  of 
cold  cast  iron  which  floats  on  liquid  iron  of  its  own  quality  if  forcibly 
thrust  to  the  bottom  and  rapidly  and  at  once  released,  rises  again  rapidly 
to  the  sur&ce  with  all  the  appearance  of  a  buoyant  body,  which  it  cer- 
tainly cannot  be. 

From  what  precedes,  however,  we  may  summarize  as  follows : — 

If  F  be  the  force  which  keep  the  solid  iron  floating,  B  the  buoyancy 
•f  of  the  solid  piece,  and  B  the  repellent  force,  then,  in  the  case  of  a 
piece  floating  upon  molten  iron  of  its  own  quality,  B  is  always  negative, 
and  F=B— B,  the  value  of  E  for  any  given  case  depending  upon  the 
effective  surface  of  the  solid,  and  that  of  B  upon  it«  volume,  both  being 
modified  by  the  initial  difference  in  temperature  between  the  solid  and 
Eqmd  metals.  In  the  case  of  the  solid  being  placed  on  liquid  cast  iron 
differing  in  quality  from  it,  B  may  be  either  positive  or  negative,  and  B 
still  dependent  upon  the  conditions  already  stated.  Hence  in  any  such 
case  we  may  have 

F=E-Bor  =E+B. 

These  conditions  kept  in  view  may  clear  up  many  phenomena  at  first 
apparently  anomalous. 

[However  feeble  may  be  the  ascending  currents,  above  referred  to, 
upon  the  floating  d^ks  in  experiment  5,  their  effect  must  be  viewed  as 
proportionate  to  the  lower  surfaces,  and  therefore  proportionate  to 
the  repellent  force,  and  as  possibly  adding,  though  slightly,  to  its 
effect.]] 

The  following  experiments  were  made  at  the  Boyal  Arsenal,  Woolwich, 
with  a  view  to  ascertain  whether  any  sensible  expansive  force  could  be 
reoognieed  as  due  to  the  enlargement  in  volume  by  consolidation  of  a 
spherical  mass  of  cast  iron : — Two  spherical  bomb-shells,  each  of  about 
10"  in  diameter  and  l''-5  in  thickness,  whose  external  orthogonal  dia- 


of  various  Substances  on  Solidification, 


221 


Time. 


11^ 

12.15 
12.55 


12.50 
1.20 
1.50 
2.15 
2.45 
3.15 
3.45 
4.15 
4.45 
5.15 
5.45 
6.15 
6.45 
7.15 
7.45 
8.15 


Cold 

Put  in  oven-fumace  (shell  to  be  filled) 

«         »           »9        (empty  shell) 
Withdrawn  from  furnace   

»  If         »         

After  filling  with  iron,  diameter  was   \ 

»         »»  »»  >»  »» 

M  »»  »»  f»  »» 

99  99  99  19  9) 

99  »l  J»  91  >» 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  |9 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

99  99  99  99  99 

When  cold  


Diameter,    Diameter, 

filled      '     empty 

shell.  shell. 


I 


I 


9-850 


10-020 

10-030 

10-040 

10-040 

10-020 

10-000 

9-995 

9-980 

9-978 

9-976 

9-975 

9-973 

9-970 

9-9G8 

9-965 

9-964 

9-964 

9-963 

9-962 

9-960 


9-843 


9-960 


9-955 
9-950 
9-875 
9-865 
9-860 
9-855 
9-854 
9-862 
9-852 
9-851 
9-851 
9-851 
9-851 
9-851 
9-851 
9-851 


The  object  of  heating  and  cooling  the  empty  shell  \i'as  to  ascertain 
what  amount,  if  any,  of  permanent  enlargement  it  might  suffer,  it  being 
a  well-known  fact  that  all  solids  of  revolution  of  cast  iron,  and  generally 
of  all  metals  of  sufficient  rigidity,  become  permanently  enlarged  by  being 
heated  red-hot  and  permitted  to  cool.  This  arises  from  the  fact  that 
the  outer  couches  of  the  solid  (a  sphere  for  example)  are  the  first  heated 
and  expanded,  and  have  to  draw  off  more  or  less  from  the  less-heated 
inaBS  within.  Tangential  thrusts  and  radial  tensions  are  thus  produced 
in  the  material  of  the  outer  coiichcs  which  disappear,  or  even  become 
lerersed,  as  the  progress  of  heating  reaches  the  interior  of  the  mass ;  but 
in  the  subsequent  cooling  the  entire  train  of  forces  is  reversed,  the  ex- 
terior couches  lose  heat  by  dissipation  first,  and  have  to  accommodate  by 
tangential  tensions  their  dimensions  to  the  still  hotter  interior,  the  final 
result  being  that  when  the  whole  has  cooled  the  dimensions  are  greater  than 
before  the  solid  was  heated.  A  32-lb.  spherical  shot,  which  is  rather  more 
than  6  inches  in  diameter,  can  be  thus  permanently  increased  -^^  of  an 
inch  in  diameter  by  a  single  heating.  It  is  obvious  that  the  increase  will 
be  much  less  in  a  spherical  shell  than  in  a  solid  sphere,  and  the  less  as 
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the  sheU  is  thinner^.  On  inspectiug  the  Table  aud  curve  fig.' 5,  it  will 
be  seen  that  the  empty  shell  had  its  diameter  thus  permanently  enlarged 
bj  O-OOS  of  an  inch  ;  and  had  it  been  heated  to  ns  high  a  temperature  as  the 
filled  ihelly  we  may  allowably  conclude  that  this  enlargement  would  have 
nached  0*01  of  an  inch.  The  filled  shell  has  had  its  diameter  increased 
bjr  tbe  deciinal  0"'ll ;  and  if  we  deduct  from  this  the  amount  of  perma- 
neni  enlaigement  due  to  heating  only,  equal  to  that  of  the  empty  shell, 
wahaYB  the  decimal  0*11  — 0*01  sO-lO,  which  has  to  be  otherwise  ac- 
emintfid  for.  This  shell  was  at  a  bright  red  heat  visible  in  clear  daylight 
iriieii  filled  with  the  liquid  iron,  which  occupied  the  spherical  cavity  and 
■boot  0*43  in  height  of  that  of  the  fuse-hole.  The  temperature  of  the 
shell  Tuiblj  rose  by  the  heat  communicated  from  the  liquid  metnJ,  and  in 
80  urinates  after  it  was  filled  had  attained  its  maximum,  the  surface  being 
at  a  bright  yellow  heat  in  daylight  when  the  first  measurement  of 
diameter  was  nutde.  The  successive  measurements  were  taken 
for  oitfaogonal  diameters  in  the  direction  normal  to  the  fuse-hole  by 
means  of  finely  graduated  steel  beam  calipers  capable  of  being  read  to 
CHX>2  of  an  inch  or  even  less  ;  the  dimensions  set  down  in  the  Table  are 
the  means  of  each  pair  of  orthogonal  diameters.  The  shell  was  thus 
beated  at  the  commencement,  and  before  consolidation  of  its  liquid  con* 
tents  had  taken  place  to  any  considerable  extent,  to  within  probably  200^ 
or  800^  Fahr.  of  the  temperature  of  the  cast  iron  viithin.  The  shell  and 
ifei  eontentfl  are  therefore  at  the  commencement  very  nearly  in  the  same 
condition  as  though  the  whole  were  a  sphere  of  molten  iron  without  any 
more  or  less  rigid  envelope,  if  such  could  exist.  Eeverting  to  what  has 
been  said  above  as  to  the  train  of  forces  called  into  play  in  a  cooling 
^dieire»  let  us  consider  what  has  taken  place  here.  As  the  heat  is  dissi- 
pated from  the  exterior  of  the  molten  mass,  being  transmitted  through 
the  shell,  one  e(mche  after  another  of  the  molten  metal  in  contact  with 
Ae  inner  wall  of  the  shell  consolidates,  the  thickness  constantly  advan- 
cing towards  the  interior,  where  the  metal  is  still  liquid.  If  each  of  these 
SPMclei  in  consolidating  expanded  in  volume,  such  expansion  must  con- 
spire, with  the  contraction  constantly  going  on  by  the  abasement  of  tem- 
.pentnre,  to  produce  compression  in  the  central  and  as  yet  un solidified 
pottjon  of  the  mass.  If,  on  the  contrary,  each  couche  as  it  solidifies  con- 
trscts  in  volume  (and,  as'  is  the  fact,  by  a  larger  coefficient  of  contraction 
for  equal  small  ranges  of  temperature  before  and  after  solidification),  then 
the  effect  must  be  that,  after  the  solidified  crust  has  attained  a  certain 
thiekness  and  sufficient  rigidity,  the  further  progress  of  contraction  of 
the  central  portions  as  tJi^y  successively  solidify  must  be  met  by  their 
*^w<liTig  to  draw  off  from  the  solidified  shell,  or,  in  other  words,  by  a 
drawing-off  from  each  other  of  the  particles  of  that  central  portion  of 

*  For  a  more  complete  analyms  of  the  complex  straiiiB  brought  into  play  by  expan- 
■km  and  oontraetion  in  the  heating  and  cooling  of  metallic  solids  of  revolution,  the 
author  may  refer  to  his  paper  "  On  the  Coefllcients  T«  and  T^  in  large  maMcs  of  Forged 
Iitm.**  published  in  the  Minutes  of  Proceedings  Inst.  C.  E.  London.  toI.  xviii.  p.  299. 
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1  last  Bolidifies.     Kow  the  Utter  ia  exactly  what  has  hap- 

n  of  the  exterior  and  Jirat  solidified  crust,  reaching  about 

iwarda  from  the  interior  of  the  shell,  was  found  to  have 

)f  7-150  at  57°  i'ahr.,  while  u  portion  taken  dose  to  the 

re  had  a  apet'ific  gravity  of  only  7'037  ;  and  this  apecific 

e  been  still  lower  (or,  in  other  worda,  the  central  part 

|ould  have  been  still  more  "  spongy  ")  had  it  not  been  fed 

wards  a  portion  of  the  liquid  iron  which  partially  filled 

e  portion  so  drawn  down  being  estiniated  by  the  volume 

|left  at  0-400  of  a  cubic  inch  ;  so  that  but  for  this  the 

)ngy  sphere  taken  at 'S'  diameter  would 


d  to  6-776. 


of  3"  diameter  and  of  the  last- 
I  great  as  that  found  for  the  ex- 


s  central  spongv  ma 
c  gravity  to  a  density 

sly  "'ISO,  the  sphere  of  'A"  diameter  would  be  reduced 

< ;  and  it  is  easy  to  see  that  in  that  case  the  external 

I  whole  sphere  of  metal  and  of  the  containing  shell  would 

1  a  correspondiug  proportion,  aud  that  thus  the  final 

shell  would  have  returned  to  what  they  were  at  the 

s  the  permanent  eidargement,  na  measured  by  that  oE 

ere  existed,  on  the  other  hand,  any  sensible  er- 

0  metal  in  cousolidatiug,  not  only  would  a  central 

\  impossible  and  the  centra!  be  the  densest  part  of 
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1*  Between  tlie  hours  1.50  and  2.45  but  one  caliper  measurement 
WM  made,  namely  at  2.15,  and  upon  this  one  measurement  both  the 
ezutenoe  and  the  amount  of  this  anomalous  part  of  the  curve  depend. 
An  error  in  this  single  caliper  measurement  amounting  to  0*006  of  an 
inch  was  sufficient  to  have  produced  it ;  and  as  the  limit  of  reading  of 
tbe  beam  calipers  was  to  a  limit  of  0*002  or  possibly  0*001  of  an  inch, 
a  mistake  in  the  measurement  at  2.15,  or  a  misreading  of  only  the  decimal 
"004  or  '005  at  most,  is  sufficient  to  account  for  the  anomaly. 

2.  The  hump  on  the  curve  does  not  necessarily  indicate  expansion,  and 
from  the  early  time  of  its  occurrence,  viz.  only  1  hour  25  minutes  from 
the  oommenoement  of  cooling,  it  seems  highly  improbable  that  it  could 
arise  from  partial  expansion  then  commencing,  while  as  yet  a  very  large 
proportion  of  the  entire  mass  must  have  been  still  liquid. 

3.  If  this  anomalous  part  of  the  curve  were  really  due  to  expansion,  it 
must  have  much  more  extensively  affected  the  lower  prolongation  of  the 
corve,  and  have  shown  itself  there  in  a  form  that  would  have  unmistakably 
declared  its  origin. 

4.  On  examining  the  curve  fig.  5  a  slight  anomaly  may  be  remarked 
in  the  rate  of  contraction  of  the  empty  shell,  due  no  doubt  to  some 
slight  error  in  the  third  measurement,  or  that  at  1.50  p.m.  In  this  in- 
stance it  would  be  impossible  to  ascribe  the  anomaly  to  expansion  of  any 
sort. 

The  dotted  line  A  (fig.  4)  may  therefore  be  viewed  as  completing  thQ 
curve  of  contraction. 

The  curve  fig.  6,  representing  the  volume  of  the  filled  shell  at  successive 
epochs  of  cooling,  is  deduced  from  the  Table  (p.  221),  assuming  the  suc- 
cessive volumes  to  be  proportionate  to  the  cubes  of  the  diametric  measure- 
ments, the  curve  being  a  mean  drawn  through  the  several  points  of 
observation.] 

The  supposition  upon  which  Messrs.  Nasmyth  and  Carpenter's  theory 
rests  may  be  divided  into  two  distinct  propositions. 

1st.  That  cast  iron  is  of  greater  density  in  the  molten  than  in  the  solid 
state. 

2nd.  That  cast  iron  in  the  act  of  consolidation  expands  in  volume. 
These  propositions  are  not  identical,  although  the  second  is  involved  in 
the  first.  The  first  proposition  has  been  already  disposed  of,  and  the 
last  recorded  experiments  appear  conclusively  to  disprove  the  second. 

The  phenomena  described  by  Messrs.  Nasmyth  and  Carpenter,  and 
their  explanation  of  the  circulating  currents  observable  in  large  and  nearly 
cylindrical  ladles  of  molten  iron,  appear  at  first  sight  so  confirmatory  of 
their  views  as  to  the  greater  density  of  cast  iron  in  the  molten  than  in 
tibe  solid  state,  that  it  seems  necessary  here  to  present  the  true  explana- 
tion of  the  &cts,  which,  so  far  as  they  are  here  relevant,  may  be  best 
given  briefly  in  the  words  of  these  authors : — 

'^When  a  ladle  of  molten  iron  is  drawn  from  the  furnace  and  allowed 
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malten  mass  and  detennine  the  direction  of  its  currents ;  and  it  will  be 
obvioofly  on  inspecting  the  figure,  that  these  currents  will  be  most  powerful 
round  the  outer  circumference  of  the  mass,  where  each  unit  of  its  top  sur- 
face has  a  larger  proportion  of  lining  in  proximity  to  it  than  at  the  cen- 
tral parts  of  the  mass,  where  downward  currents  are  the  necessary  con- 
aequenoe  of  those  produced  upwards  at  the  circumference.  The  organic 
matters  mixed  with  the  lining  are  carbonized,  and  give  forth  the  elements 
of  water  as  well  as  nitrogen.  The  clay,  which  is  a  hydrous  silicate  of 
TariouB  earthy  bases,  gives  forth  its  water  and  some  of  the  oxygen  of  the 
peroxide  of  iron  which  most  clays  contain.  More  or  less  carbonate  of 
lime  is  almost  always  interspersed,  and  this  gives  forth  carbonic  acid  and 
water.  The  gases  thus  streamed  forth  act  mechanically  by  their  ascent 
and  also  chemically  upon  molten  iron,  the  water  being  decomposed,  oxi- 
dizing portions  of  the  iron  and  forming  scoria),  which  is  again  more  or 
less  reduced  by  contact  of  the  hydrogen  and  nitrogen  when  the  latter  is 
present.  These  rapid  combinations  and  decompositions  are  no  doubt  the 
main  cause  of  those  singular  vermicular  startings  referred  to  by  Messrs. 
Naamyth  and  Carpenter,  which  are  familiar  to  every  iron-founder,  but 
which  are  entirely  distinct  from  the  ascending  and  descending  currents 
due  to  the  ascent  of  the  evolved  gases.  That  this  is  the  true  explanation 
is  supported  by  the  following  facts : — 1.  After  a  large  ladle  has  stood  full 
of  molten  metal  for  some  hours,  and  time  has  been  given  thus  for  the 
whole  of  the  gaseous  contents  of  the  lining  to  be  driven  off,  the  ascending 
and  descending  currents  cease  to  be  perceptible,  and  if  any  currents  at  all 
can  be  discerned  they  are  in  the  opposite  directions.  2.  If,  after  this, 
such  a  ladle  be  emptied  of  its  contents,  the  lining  remaining  untouched 
and  only  coated  with  a  thin  shell  of  adherent  cast  iron  [and  oxides  and 
silicates  of  iron],  and  the  ladle  being  again  filled  with  molten  iron,  no 
such  currents  as  at  first  are  produced  in  the  molten  mass,  the  lining 
haying  been  previously  exhausted  of  its  gases  and  vapours.  That  the 
currents  described  by  Messrs.  Nasmyth  and  Carpenter  are  not  due  to  dis- 
sipation of  heat  from  the  mass  through  the  sides  of  the  ladle  is  evident 
from  the  following  considerations  : — 

A  10-ton  ladle,  which  is  about  4|  feet  by  3  feet  in  depth,  loses  heat  so 
slowly  that  after  standing  for  six  hours  the  molten  metal  is  still  fluid 
enough  to  make  castings.  Let  us  suppose  it  filled  into  the  ladle  at  a 
temperature  of  2800°  to  2900°  Fahr.,  and  that  after  six  hours  it  is  still 
200^  above  the  temperature  of  solidification  of  cast  iron,  or  at  2600°. 
The  molten  mass  has  thus  lost  300°  of  heat  in  3G0  minutes,  or  -0138  of 
a  degree  per  second.  We  may  assume  this  at  any  instant  as  represent- 
ing the  difference  in  temperature  between  two  vertical  columns,  one  at 
the  centre  and  the  other  at  the  circiunference  of  the  molten  mass.  The 
linear  dilatation  of  cast  iron  for  one  degree  of  Fahrenheit  being  0*0000111, 
as  deduced  from  its  total  cubic  dilatation  between  60°  Fahr.  and  the  tem- 
perature of  fusion  at  which  it  was  poured  into  the  cone,  as  given  in  this 
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iag  th^  depth  of  the  colder  of  these  columns,  whethw 

■eumference  or  not,  to  be,  as  stated,  36",  that  of  the  hotter 

1  36'00000055]4,  and  the  difference  between  these  two 

|rce  which  alono  can  produce  circulating  currents  in  the 

ees  of  temperature  due  only  to  cooling.     This  in  equally 

bo  the  colder  column  that  is  dilated,  as  supposed  hj 

h  and  Carpenter,  or  the  hotter  one,  as  is  the  fact.     And 

he  viscidity  of  molten  caat  iron,  it  is  perfectly  obviom 

ling  currents  referred  to  by  Messrs.  Naamyth  and  Gar^ 

insignificant  a  cause. 

(iition,  or  careless  interpretation  of  the  many  and  somo- 

;oudition8  thus  seen  to  be  involved  in  the  cooling  of  a 

1  of  its  heat  from  its  esterior,  has  caused  many  seri- 

3ns  on  the  part  of  esperimenters  as  to  the  supposed 

Is  in  Yolume  when  consolidating.     Thus,  even  in  the 

it  has  been  supposed  a  conclusive  proof  of  its  expan- 

l  cooling  in  an  open  crucible  exudes  from  its  interior 

e  cauliflower-like  excrescences  ;  but  although  the  author 

f  or  affirm  any  thing  as  to  expansion  being  a  fact  in  the 

t  is  nevertheless  obvious  that  such  eicresceuces  might 

e  grip  of  the  crucible  itself,  or  even  of  the  eirterior 

already  solidified  contracting  upon  and  soequeez- 

6  still  liquid  interior. 
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of  the  &ct8,  b,  that  when  a  very  thick  iron  mould  of  this  sort  is  suddenly 
heated  by  pouring  molten  iron  into  it«  interior,  as  the  heat  abstracted 
from  the  latter  can  only  pass  into  the  material  of  the  mould  at  a  rate 
determined  by  its  conductivity,  so  the  interior  pai*t  rapidly  becomes 
nised  to  a  temperature  enormously  higher  than  the  exterior  portions, 
which  for  a  time  remain  almost  cold.  The  expanded  interior  walls  of 
the  mould  push  inwards  as  towards  the  points  of  least  resistance,  and  so 
actually  diminish  the  capacity  of  the  mould  for  a  time,  the  inner  surfaces 
of  which  press  upon  the  consolidating  crust  of  metal  within  it,  and  so 
squeeze  out  in  part  its  liquid  contents,  just  as  water  might  be  squeezed 
from  an  india-rubber  bottle^. 

It  seemed  desirable  to  obtain  some  experimental  results  in  reference  to 
the  objects  of  this  communication  \iith  lead.  It  has  never,  so  far  as  the 
author  is  aware,  been  even  suggested  that  this  metal  expands  in  consoli- 
dating. Its  coefficient  of  dilatation  by  heat  is  enormously  greater  than 
that  of  cast  iron,  being,  according  to  the  determination  of  Lavoisier  and 
laplace,  between  32°  and  212®  Fahr.  =0-0000474  of  its  volume  for  one 
degree  Fahr. ;  so  that,  taking  its  fusing-point  at  617®  (Rudberg),  and 
assuming  the  coefficient  constant  for  the  entire  range  from  60®  to  617^ 
(which  is  much  below  the  truth),  its  dilatation  when  in  fusion  would 
be=: 0-0264  of  its  volume,  and  the  specific  gravity  of  lead  at  60°=  11*36 ; 
that  of  liquid  lead  must  be  below  11*07.  Indeed  this  enormous  amount 
of  dilatation  is  impressed  upon  any  observer  who  sees  the  rate  at  which 
the  lead  in  casting  a  common  bullet  sinks  into  the  neck  of  the  mould, 
and  the  comparatively  large  cavity  which  always  exists  in  the  ball  when 
cut  in  two.  From  its  low  temperature  of  fusion  and  the  suddenness 
with  which  lead  passes  from  the  solid  to  the  liquid  state  without 
any  phase  of  intermediate  viscidity,  and  only  a  brief  one  of  crystalline 
brittleness,  and  the  facility  with  which  its  surface  can  be  kept  free  from 
dross  or  oxide,  this  metal  presents  a  ''  crucial  "  example  for  experiment 
in  reference  to  our  subject. 

The  following  experiments,  by  the  kind  permission  of  Messrs.  Pontifex 
and  Wood,  London,  were  made  at  their  works  : — 

Ist.  Upon  the  surface  of  a  large  pot  of  melted  lead,  the  temperature 

*  The  enormous  disparity  in  temperature  between  the  interior  and  the  exterior 
coucku  of  a  Terj  thick  spherical  or  cylindrical  iron  mould  is  only  partially  shown  by 
Biot't  expression, 

logy=logT-^y^ 

for  the  distribution  of  temperature  along  a  bar  heated  at  one  extremity ;  for  in  the  case 
here  before  us,  as  in  that  of  all  forces  radiating  from  a  centre,  the  temperature  at  any 
giren  point,  and  quite  independent  of  any  question  of  conductiyity,  yaries  inversely  as 
the  equaie  of  its  distance  from  the  centre.  If  a  unit  in  volume  situated  in  any  point  of 
a  nditu  lose  as  much  heat  as  will  lower  its  temperature  1°,  that  heat,  when  trans- 
mitted to  double  the  distance  along  the  radius,  can  only  raise  the  temperature  of  a  unit 
m  volume  there  by  0*25  of  l'®  having  been  diffused  amongst  four  units  of  volume.  (See 
Biot,  'Tndt6  de  Physique,'  and  Mallet/  Trans.  B.  I.  A./  1856.) 
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limatea  iit  from  750°  to  880=  Fnhr.,  the  half  of  a  large 
^Ited  lead,  being  a  semicylindrital  bar  of  about  5"  x  2J" 
i[[g,  was  gently  laid  down  horiEontatly ;    it  immediately 
nil  nud  there  remained.     When  about  half  its  volume       ' 
,-,  the  unfused  portion  was  drawn  up  to  the  surface  and 
X  once  Bitnk  to  tho  bottom  again. 

f  auth  lead  was  cast,  weighing  17J  Iba.,  diameter  about 
t  into  an  empty  hand-ladle,  which  was  gently  placed  upon 
!.■-  pot  of  melted  lead  ;  the  hidle  \vaa  depressed  sufficientJj 
and  being  left  free  was  carried  to  the  bottom  of  the  p(tf 
npetus  to  produce  a  aenaible  blow  of  the  eiterior  of  the 
■ottom  of  the  pot. 

rcnlar  disk  of  about  1-25  inch  in  thickness,  being  laid 
surface,  after  a  moment's  hesitation  slowly  went  to  the 
i?r  disk  of  0"  diameter,  by  rather  lesa  than  an  inch  in 
nod  a  few  seconds  longer  on  the  surface  and  then  sunk 
both  diaka,  while  they  floated,  had  their  top  surfaces  but 
^ated  above  that  of  the  liquid  lead.      One  of  the  diska 
■i.'red  into  the  liquid  lead  vertically  and  edgeways,  at  once 

.k3,  each  fl"  diameter,  the  one  0-57  inch  and  the  othsr 
i-knesB,    being  gently  laid  flat  upon  the  surface  of  the 
ited,  and  mth  an  emergent  portion  sensibly  greater  than 
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I  prooeed  to  some  remarks  upon  the  experiments  referred  to  at  the 
Gommenoement  of  this  paper,  and  quoted  by  Messrs.  Nasmyth  and  Car- 
penter, as  to  the  floating  of  pieces  of  solidified  iron  furnace-slog  upon  the 
same  slag  when  in  the  liquid  state.  It  is  a  fact  that  blast-fiu*nace  slags 
oooled  below  the  point  at  which  they  become  rigid  do  very  generally 
float  upon  the  same  slag  in  its  molten  state.  It  is  equally  true  that  the 
basic  flilieates  which  constitute  the  chief  part  of  terrestrial  volcanic  lavas 
float  upon  the  surface  of  these  when  molten.  But  these  admissions  do 
not  suffice  in  any  degree  to  support  the  conclusion  deduced  by  Messrs. 
Nasmyth  and  Carpenter,  that  basic  silicates,  whether  as  furnace-slags  or 
laTas,  are  denser  in  the  molten  than  in  the  solidified  state,  nor  that  these 
bodies  in  the  act  of  sob'dification  expand  in  volume  or  decrease  in  density 
in  any  manner,  irrespective  of  the  formation  or  enlargement  of  cavities 
or  gas-bubbles  within  them.  The  experiments  of  the  author  upon  the 
total  contraction  of  iron  furnace-slags  for  the  entire  range  of  tempera- 
ture between  that  of  the  blast-furnace  and  the  atmosphere,  made  at  the 
Banow  Iron-Works,  and  fully  described  in  the  author  s  paper  on  "  The 
Nature  and  Origin  of  Volcanic  Heat  and  Energy,"  printed  in  Phil. 
Trans,  for  1873,  leave  no  doubt  as  to  the  following  facts  : — 

1st.  That  the  density  of  such  slags  at  53°  Fahr.  is  to  their  density 
when  molten  and  at  the  temperature  of  the  blast-furnace  as  1000  :  933, 
or,  taken  at  the  melting-point  of  slag,  as  1000  to  983 — molten  slag  being 
tibus  yerj  much  less  dense  than  the  same  when  solidified. 

2ndly.  .That  no  expansion  in  volume  whatever  occurs  in  such  slags  at 
or  near^the  instant  of  solidification. 

The  experiments  of  the  author  above  referred  to  were  made  by  filling 
east-iron  slightly  conical  moulds  with  the  slag  run  direct  from  the  blast- 
furnace, and  permitted  to  consolidate  and  cool  therein,  by  which  per- 
fectly solid  slightly  conical  blocks  were  obtained.  From  the  method  em- 
ployed, and  the  very  large  scale  upon  which  these  experiments  were  con- 
dnctedf  it  is  impossible  that  any  expansion  in  volume  at  or  near  the  point 
of  consolidation,  if  even  of  a  very  minute  amount,  could  have  occurred  and 
yet  have  escaped  notice*.  It  is  only  necessary  for  the  author  here  to 
point  out  that  the  floating  of  crusts  of  slag  or  lava  is  not  due  to  the  cause 
assigned  by  Messrs.  Nasmyth  and  Carpenter ;  nor  is  it  his  intention  to 
enter  at  any  length  into  what  are  the  causes  of  such  floating  when  it 
occurs. 

The  following  remarks,  however,  may  be  made  : — It  is  impossible  to 
obtain  a  moderate-sized  fragment  of  solidified  slag  or  lava  free  from  air- 
bubbles,  and  from  involved  or  superficial  cavities,  which  tend  to  float  the 
mass  when  thrown  upon  its  own  material  in  the  melted  state.  Those 
who  have  attentively  watched  large  volumes  of  slag  issuing  from  the 
blast-furnace  are  aware  that  it  comes  forth  carrying  with  it  a  large 

*  [For  the  proofs  of  which  in  detail  the  aathor  begs  to  refer  to  his  paper  at  length. 
PhiL  Trans.  1873.] 

TOL.  XXIII,  .  t 


llr.  R.  Mallet  on  the  alleged  Expansiun 

a  mfttter  minutely  difi used,  which  is  prettj  readily  sepa- 

Bracf«riz«d  by  a  white  vaporoua  cloud  floating  thinly  over 

n  ;  if  the  Blag  be  cooled  rapidly,  the  gaseous  or  vapori- 

s"nt  become  confined  and  render  the  mass  vesicular,  while 

ovvly,  and  with  a  free  surface  for  the  eacape  of  these, 

a  more  aohdly,  often  aa  solidly  as  a  h!ock  of  granite', 

y  of  the  buoyancy  that  is  produced  by  the  vesicularity  of 

■  ngs,  it  is  highly  probable  that  relatively  cold  and  solid 

Ivaucy  is  negative,  may  yet  float  on  molten  slag,  whose 

1,  in  virtue  of  that  same  repellent  force  which, 

|,  act«  under  like  coudjtions  iu  the  case  of  metals. 

«id  silicates,  or  slags  analogous  to  glass  (which,  how- 
ferred  to  by  Messrs.  Nasmyth  and  Carpenter),  the  author 
^ven  ia  his  pape'r  (Phil.  Trans.  1873).  These, 
I'ircumstances  attending  the  production  and  destrucHoa 
\n  "  Rupert's  dropa,"  tucontestably  prove  that  t^ese  sili- 
a  the  molten  than  in  the  solid  state,  and  that 
[ileotly  at  or  near  the  instant  of  cousolidatiou, 

e  than  once  heard  the  opinion  expressed  by  those 
I bist' furnaces,  that  their  slags  do  expand  in  consolidating, 
Bs interpretation  of  the  following  frequently  occurring  cir- 
|hen  the  large  imrallelopipeds  of  slag  (5  to  6  feet  square  by 
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into  any  detail  to  prove  that  the  phenomena  are  due  to  the  contrac- 
tion of  the  already  solidified  exterior  upon  the  unyielding  interior  of  the 
mass ;  the  former  becoming  fractured  by  its  own  grip,  and  its  material 
being  highly  elastic,  often  yields  with  apparently  explosive  violence  like 
a  suddenly  broken  spring  (see  fig.  9,  which  shows  the  appearance  of  one 
of  these  fractured  and  slowly  exuding  blocks). 

[The  following  remarks  may  be  made,  in  addition  to  those  preceding, 
in  contravention  of  the  supposed  expansion  of  slags  or  lavas  in  consoli- 
dating. It  is  well  known  that  masses  of  mud  when  dried  by  the  sun 
crack,  the  fissures  penetrating  nearly  perpendicular  from  the  surface  and 
separating  into  more  or  less  symmetrical  prisms.  Blocks  of  starch  after 
desiccation  present  similar  phenomena,  which  are  also  frequently  seen 
exemplified  by  the  uppermost  beds  of  argillaceous  limestone  (or  calp)  of 
Ireland  when  first  laid  bare  from  its  detrital  covering.  In  all  these  cases 
there  can  be  no  doubt  that  the  phenomena  are  due  to  the  shrinkage  of 
the  mass  in  drying.  But  shrinkage  or  contraction  by  cooling  and  consoli- 
dation ought  to  present  us  with  like  results ;  and  these  we  see  actually 
manifest  in  the  splitting-up  of  basalt  into  columnar  prisms  whose  long 
axes  are  always  found  perpendicular  to  the  surface  by  which  the  heat  of 
the  mass  was  dissipated.  Such  columnar  separation  is  not  cojifined  to 
basalt ;  instances  of  it  are  abundant  in  lavas  of  every  age,  the  snr&ces 
of  the  prisms  in  these  being  sometimes  straight,  sometimes  curved. 
Although  much  remains  yet  to  be  investigated  before  all  the  circumstances 
attending  the  splitting-up  of  masses  of  basalt  or  lava  can  be  said  to  be 
fully  understood,  yet  enough  is  already  known  and  clearly  explained  to 
make  it  certain  that' it  is  due  to  contraction  of  these  materials  as  they 
cool ;  and  that  this  form  of  splitting-up  is  wholly  incompatible  with  that 
of  any  fissuring  that  could  arise  from  the  refrigeration  of  a  mass  the 
volume  of  every  part  of  which  expanded  in  consolidating.] 

As  in  what  precedes  the  h3rpothesis  upon  which  the  lunar  volcanic 
theory  of  Messrs.  Nasmyth  and  Carpenter  rests  is  proved  to  be  without 
foundation,  it  seems  needless  to  enlarge  upon  the  incongruities  and  con- 
tradictions which  the  theory  itself  presents  when  fairly  applied  to  such 
knowledge  as  we  have  of  the  volcanic  features  of  the  moon,  or  still  more 
when  applied,  as  it  must  be  were  it  true,  to  those  of  our  earth,  [assuming 
the  materials  of  our  earth  and  satellite  analogous  in  their  physical  and 
chemical  properties — an  assumption  made  by  these  authors  throughout 
their  work,  though  without  any  attempt  to  support  it  by  proof]. 

In  concluding  this  paper,  the  author  has  to  express  his  thanks  for  the 
liberality  and  assistance  afforded  him  by  Messrs.  Maudslay,  Sons,  and 
Field,  who  showed  their  just  appreciation  of  the  true  value  of  scientific 
research  by  assisting  in  this  inquiry  of  an  abstract  character,  and  with- 
out apparent  technical  applicability.  He  also  has  to  thank  Mr.  E. 
Duncan,  of  the  above  firm,  for  his  personal  aid  and  cooperation.  He 
also  has  to  express  his  thanks  for  the  valuable  assistance  so  readiVj 
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believe  it  will  prove  that  the  truth  lies  between  two  extreme  views. 
That  the  OMngerinas  live  on  the  bottom  only  is  a  position  clearly  no  longer 
tenable ;  but  that  they  live  and  multiply  in  the  upper  waters  only,  and 
only  sink  to  the  bottom  after  death,  seems  to  me  a  position  no  more 
tenable  than  the  preceding :  and  I  shall  now  adduce  the  evidence  which 
appears  to  me  at  present  to  justify  the  conclusion  (I  refrain  from  express- 
ing myself  more  positively,  because  I  consider  the  question  still  open  to 
investigation),  that  whilst  the  Olobigerince  are  pelagic  in  an  earlier  stage  of 
their  lives,  frequenting  the  upper  stratum  of  the  ocean,  they  sink  to 
the  bottom  whilst  stiU  living^  in  consequence  of  the  increasing  thickness 
of  their  calcareous  shells,  and  not  only  continue  to  live  on  the  sea-bed, 
but  probably  muUiply  there — perhaps  there  exclusively. 

That  there  is  no  a  priori  improbability  in  their  doing  so,  is  proved  by 
the  abundant  evidence  in  my  possession  of  the  existence  of  Foramini- 
feral  life  at  abyssal  depths.  The  collections  made  during  the  '  Porcupine ' 
Expeditions  of  1869  and  1870  yielded  a  large  number  of  those  Arenace^ 
ous  types  which  construct  their  "  tests  "  by  the  cementation  of  sand- 
grains  only  to  be  obtained  on  the  bottom ;  and  these  were  almost  the 
only  Foraminifera,  except  Ohhigerince  and  Orhvlimje^  which  came  up  in 
the  2435  fathoms  dredging.  Again,  many  Foraminifera,  both  arenace- 
ous and  shelly,  were  brought  up  from  great  depths,  attached  to  shells, 
stones,  &c.,  that  mviet  have  lain  at  the  bottom.  Further,  among  the 
**  vitreous  "  Foraminifera,  the  most  common  deep-sea  types,  except  those 
of  the  Globigerine  family,  were  Cristellarians  with  shells  so  thick  and 
massive  as  to  be  (it  may  be  safely  affirmed)  incapable  of  being  floated 
by  the  animals  which  form  them  ;  while  among  the  "  porcellanous ''  Fora- 
minifera, the  Biloculi^w!  and  TrilocxiUnce  were  equally  distinguished  by  a 
massiveness  of  shell,  which  seemed  to  forbid  the  idea  that  they  could  have 
floated  subsequently  to  that  stage  of  their  lives  in  which  this  massive- 
ness had  been  acquired. 

Of  the  existence  of  living  Ohhigerince  in  great  numbers  in  the  stratum 
of  water  immediately  above  the  bottom,  at  from  500  to  750  fathoms 
depth,  I  am  able  to  speak  with  great  positiveness.  It  several  times  hap- 
pened, during  the  Third  Cruise  of  the  '  Porcupine '  in  1869,  that  the 
water  brought  up  by  the  water-bottle  from  immediately  above  the  Oh- 
higerinorooie  was  quite  turbid  ;  and  this  turbidity  was  found  (by  filtra* 
lion)  to  depend,  not  upon  the  suspension  of  amorphous  particles  diffused 
through  the  water,  but  upon  the  presence  of  multitudes  of  young  Olobi^ 
gerincBf  which  were  retained  upon  the  filter,  the  water  passing  through  it 
quite  clear.  The  thin  shells  of  these  specimens,  exhibiting  very  distinct 
ps^ndopodial  orifices,  contrasted  strongly  with  the  larger  and  thicker 
shellB  of  the  specimens  brought  up  by  the  sounding-apparatus  from  the 
bottom  immediately  beneath,  in  which  the  shells  are  thick  and  those 
orifices  obscure.  It  is  obvious  that  if  this  extraordinary  abundance  of 
Globigerine  life  in  the  bottom-water  was  the  result  of  subsidence  froia 
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irEiice  Btratiim,  and  was  msrely  preparatory  to  tho 

on  the  sea-beii,  there  should  have  been  a  corre- 

■  and  condition  betwetn  the  floating  shells  and  those 

om  immediately  beneath  them ;  whereas  no  contrast 

mplete,  the  impressioa  given  by  the  auperScial  aspects 

I  presented  having  beea  fully  confirmed  by  subsequent 

BThomson  and  Mr.  Murray,  who  notice  this  contrast, 

I  ilmih  of  the  shells  which  have  subsided  to  the  bottom — 

lawaro  that  the  observations  of  Dr.  Wallich,  with 

Q  entire  accordance,  leave  no  reasonabla  ground  for 

,  consequence  of  their  continued  life.     For  it  is  clearly 

Ig  thin  transparent  sections  of  the  thick-shelled  Olohv- 

i  which  needs  a  deiterity  only  to  he  acquired  by  long 

is  much  facilitated  by  an  ingenious  device  invented 

I'),  that  the  change  of  external  aspect  is  due  to  the 

J  deposit  (a  rudiment  o£  the  "  intermediate  skeleton  " 

Binifera)  which  ia  formed,  after  the  full  growth  o£  the 

n  attiuned,  upon  the  outside  of  the  proper  chamber- 

Irly  masking  its  pseudopodial  orifices,  that  Prof.  Husley  at 

existjfnce.     This  deposit  is  not  only  many  times 

uriginn!  chamber- wall,  bvit  it  often  contains  flask-shaped 

1  the  p\terior.  n 


1875.]        Sea-bottom  procured  by  H. M.S. '  Challenger.'  287 

sheet  of  my  *  Introduction  to  the  Study  of  the  Foraniinifera '  comprising 
the  Glohigerine  family  passed  through  the  press,  but  which  I  have  my- 
self subsequently  confirmed  in  every  particular)  it  seems  an  almost  inevit- 
able inference  that  the  subsidence  of  the  Gloligtrxnoi  to  the  bottom  is  the 
consequence,  not  of  their  death,  but  of  the  increasing  thickness  and 
weight  of  their  shells,  produced  by  living  action.  As  long  as  the  number 
of  segments  continues  to  increase,  the  carbonate  of  lime  separated  by  the 
sarcodic  body  from  the  circumambient  water  goes  to  form  the  walls  of 
additional  chambers;  but  when  this  chamber-formation  ceases  (which 
usually  occurs  when  the  shell  consists  of  either  12  or  16  segments),  it 
is  applied  to  thicken  the  walls  of  the  chambers  already  formed ;  and 
from  the  rapid  subsidence  of  the  Olohigtriiice  taken  up  from  the  seai- 
bottom  when  thrown  into  a  jar  of  sea-water,  it  seems  to  me  inconceiv- 
able that  they  can  be  floated  by  their  am'mal  inhabitants  when  once  the 
exogenous  deposit  has  attained  any  considerable  thickness. 

That  the  Olobigertnce  which  have  subsided  to  the  bottom  (K)ntinue  to 
live  there,  is  further  indicated  by  the  condition  of  the  sarcodic  contents 
of  their   shells.     In  any  sample  of  Globufen'na-ooie  that  I  have  seen 
brought  up  by  the  dredge  or  the  sounding-apparatus,  part  of  the  shells 
(presumably  those  of  the  surface-layer)  were  filled  with  a  sarcode  body 
corresponding  in  condition  with  that  of  Foraminifera  known  to  live  on 
the  sea-bed,  and  retaining  the  characteristic  form  of  the  organism  after 
the  removal  of  the  shell  by  dilute  acid.    As  Dr.  "Wallich  pointed  out 
(*  North-Atlantic  Sea-bed,'  p.  139),  the  sarcode  of  these  is  viscid,  and 
inclined  to  coalesce  again  when  crushed ;  the  shell  has  a  vivid  but  light 
burnt-sienna  colour,  and  sarcodic  bosses,  like  retracted  pseudopodia,  are 
distinguishable  upon  its  exterior.     The  only  misgiving  I  ever  had  in  regard 
to  the  living  condition  of  the  Glohigerinos  presenting  these  characters, 
was  caused  by  the  absence  of  any  pseudopodial  extensions;   and  this 
source    of   doubt  has  been  now  removed  by  the   statement  of  Prof. 
Wyville  Thomson,  that  no  pseudopodia  have  ever  been  observed  by  Mr. 
Murray  to  be  put  forth  by  the  Olobigerince  captured  in  surface-waters.' — 
In  the  same  sample  will  be  found  shells  distinguishable  from  the  pre- 
ceding by  their  dingy  look  and  greyish  colour,  by  the  want  of  consistence 
and  viscidity  in  their  sarcode  contents,  and  by  the  absence  of  any  external 
sarcodic  investment;  these  are  presumably  dead.     Other  shells,  again, 
are  entirely  empty ;  and  even  when  the  surface-stratum  is  formed  of 
perfect  Globigerina?,  the  character  of  the  deposit  soon  changes  as  it  is 
traced  downwards.     **  The  sediment,"  as  was  correctly  stated  by  Prof. 
Wyville  Thomson,  "  gradually  becomes  more  compact ;  and  a  slight  grey 
colour  (due,  probably,  to  the  decomposing  organic  matter)  becomes  more 
pronounced,  while  perfect  shells  of  Globigerina  almost  disappear,  frag- 
ments become  smaller,  and  calcareous  mud,  structureless  and  in  a  fine 
state  of  division,  is  in  greatly  preponderating  proportion"  (* Depths  of 
the  Sea,'  p.  410).     These  facts  seem  to  me  to  mark  very  strongly  the 
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^en  the  living  surface-layer  and  the   dtad   aub-siirfiice 

Iw  that  there  is  nothing  in  the  condition  of  the  Deep 

1  to  prevent  or  even  to  retard  the  decomposition  of  the 

a  of  Olobigerince.    AVe  know  Ihftt  osygen  is  present  in 

n  to  its  abyssal  depths,  in  sufficient  proportion  for  the 

imal  life  ;  and  what  suffices  for  this,  must  bo  adequate 

■ecomposition  of  organic  matter.     There  is,  moreover,  a 

■ilion  of   the    iindecomposed  condition  of  the  aarcode 

^/'iyerina  of  the  surface-layer,  in  the  fat-t  that  they  serve 

I'i  higher  animals  which  live  on  the  same  bottom.     This 

I  out  by  Dr.  Wallich,  who  found  that  the  contents  of 

Ihe  Ophiommae  brought  up  in  his  I2fj0  fathoms  sounding, 

raber  of  fresh-looking  Qlobigerinrs  more  or  less  broken 

Iv  amorphous  particles,  and  a  few  oil-globules  ('  North- 

1'  p  145)      And  1  have  subsequently  verified  his  statA- 

■  from  the  foregoing  facts,  that  the  onws  prohandi 
iho  maintaij  that  the  Olobii/erinte  do  not  live  on  the 
|[  proof  13  altogtther  wanting.  The  most  cogent  evi- 
l>f  that  proposition  would  be  furnished  by  the  capture, 
Iper  waters  of  the  large  thick-shelled  Bpecimens  which 
|U  kno«Ti  as  having  been  brought  up  from  the  sea-bed. 
apeLmien<(  n  ould  only  prove  that  even  in  this 
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thai  the  ^'  white  mud  "  of  the  Levant  is  mainly  a  Eoraminiferal  deposit ; 
I  found  a  similar  mud  covering  the  bottom  along  the  Tripoli  coast ;  Mr. 
J.  Gwyn  Jeffreys  has  dredged  Foramimfera  in  abundance  in  the  Bay  of 
Speuda,  Captain  Spratt  in  the  ^gean,  Oscar  Schmidt  in  the  Adriatic,  and 
I  myself  at  various  points  in  the  Western  basin  along  the  northern  coast 
of  Africa.  That  Foraminifera,  especially  OlohigeruiaSj  abound  in  its 
surface-water  at  Messina,  is  testified  by  Haeckel  in  the  passage  cited  by 
Prof.  Wyville  Thomson ;  and  when  it  is  considered  how  large  an  influx 
of  Atlantic  water  is  constantly  entering  through  the  Strait  of  Gibraltar, 
and  is  being  diffused  throughout  the  Mediterranean  basin,  and  how 
favourable  is  its  temperature-condition,  it  can  scarcely  be  doubted  that  if 
the  doctrine  now  upheld  by  Prof.  Wyville  Thomson  were  correct,  the 
deposit  of  (yfoWgrmno-shells  over  the  whole  bottom-area  ought  to  be 
as  abundant  as  it  is  in  the  Atlantic  under  corresponding  latitudes.  Yet 
I  found  the  deeper  bottoms,  from  300  fathoms  downwards,  entirely 
destitute  of  Globigerine  as  of  higher  forms  of  Animal  life ;  and  this  was 
not  my  own  experience  only,  but  was  also  that  of  Oscar  Schmidt,  who 
made  a  similar  exploration  of  the  Adriatic.  In  my  first  visit  to  the  Medi- 
terranean, in  the  *  Porcupine'  (1870),  many  hundredweight  of  the  fine 
mud  brought  up  by  the  dredge  from  great  depths  in  the  Western  basin 
were  laboriously  sifted,  and  the  siftings  carefully  examined,  without 
bringing  to  light  more  than  a  stray  drift-shell  here  and  there.  And  in 
my  second  visit,  in  the  *  Shearwater '  (1871),  I  examined  all  the  samples 
of  bottom  brought  up  by  the  sounding-apparatus  from  great  depths  in 
the  Eastern  basin,  with  the  same  result — giving  all  the  more  care  to  this 
examination,  because  Capt.  Nares  (probably  through  not  having  kept 
separate  in  his  mind  the  results  of  the  deeper  and  of  the  shallower 
soundings  which  he  had  previously  made  in  the  Mediterranean)  assured 
me  that  I  should  find  minute  shells  imbedded  in  the  mud. 

I  can  see  no  other  way  of  accounting  for  the  absence  of  Olohigerinc^ 
ooze  from  the  bottom  of  the  Mediterranean,  save  on  its  shallow  borders, 
than  by  attributing  it  to  the  unfavourable  nature  of  the  influences  affect- 
ing the  hotUnn-life  of  this  basin :  that  is  to  say,  the  gradual  settling-down 
of  the  fine  sedimentary  deposit  which  forms  the  layer  of  inorganic  mud 
everywhere  spread  over  its  deeper  bottom,  and  the  deficiency  of  oxygen 
and  excess  of  carbonic  acid  which  I  have  shown  to  prevail  in  \i%  abyssal 
waters  giving  them  the  character  of  a  stagnant  pool — these  influences 
acting  either  singly  or  in  combination. 

Another  fact  of  which  Prof.  Wp'ille  Thomson  is  fully  cognizant,  and 
to  which  he  formerly  attached  considerable  importance  as  indicative  of 
the  bottom-life  of  the  Ohbigerince,  is  unnoticed  in  his  recent  communica- 
tion: I  refer  to  the  singular  limitation  of  the  Olobigerina-ooze  to  the 
"  warm  area  "  of  the  sea-bed  between  the  North  of  Scotland  and  the 
Faroe  Islands.  It  will  be  recollected  by  those  who  have  read  my 
*  Lightning '  and  *  Porcupine '  Eeports  on  the  exploration  of  this  region, 
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hole  upper  stmtiun,  from  the  surface  to  a  depth  of  from 
irns,  ha8  the  lemperature  of  the  warm  flow  coming  up 
and  whilst  this  temperature  falls  ao  gradually  iu  the 
ilh  iniTense  of  depth  as  to  be  still  as  high  aa  43°  Fahr. 
'i)  fathoms,  it  falls  so  suddenly  in  the  "  cold  area  "  be- 
00  fathoms,  that  the  whole  of  its  deeper  stratum  has  a 
w  32°,  the  bottom  temperature  descending  in  some  parts 
in  this  ■'  cold  area  "  I  never  found  a  single  Ohbu/frina, 
sting  of  sand  and  gravel,  and  the  Foraminifera  brought 
:  aimnst  exclusively  those  which  form  arenaceous  testa. 
."  on  the  other  hand,  is  covered  with  Olobigtrina-oots  to 
ih,  its  surface-stratum  being  composed  of  perfect  shelli 
[<;,  whilst  its  deeper  layers  are  amorphous.     Near  the 
two  areas,  but  still   within  the  thermal  limit  of  the 

■  "  Holtrni/i^gtomid,"  which  yielded  a  large  proportion 
■worthy  captures  in  this  locality.     Now  if  the  bottom- 
dent  on  the  life  of  the  surface-stratimi,  why  should 

the  surface- stratum  being  everywhere  the  same?     I 
'Hy  disposed  to  attribute  it  to  the  depression  of  bottom- 
t  as  it  has  now  been  proved  by  the  '  t'liallenger  '  obaer- 
ilanlic,   that  GiobUjerina-imas  prevails  over  areas  nhose 
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here  (according  to  him)  has  a  depth  of  700  fathoms  ;  and  this  very  strik- 
iDg  example  of  want  of  conformity  between  the  surface-fauna  and  the 
bottom-deposit  consequently  remains  to  be  accounted  for  on  his  h)-po- 

The  other  of  Prof.  Wyville  Thomson's  principal  conclusiouB,  as  to 
which  I  have  rather  a  suggestion  to  offer  than  an  objection  to  take, 
relates  to  the  origin  of  the  "  red  clay  "  which  he  found  covering  large 
areas  in  the  Atlantic,  and  met  with  also  between  Kei^eJcu's  Island  and 
Melboiinie.  Into  this  red  clay  he  describes  the  Ohbiperitta-iMie  as  gra- 
duating, through  the  "  grey  ooze  " ;  and  he  aflirms  this  transition  to  be 
essentially  dependent  on  the  depth  of  the  bottom.  "  Crossing,"  ho  eaya 
"  from  these  shallower  regions  occupied  by  the  ooze  into  deeper  soundings, 
we  find  unxvertaUy  that  the  calcareous  formation  gradually  passes  info, 
and  is  replaced  by,  an  extremely  pure  clay,  which  occupies,  speaking 
generally,  all  depths  below  2500  fathoms,  and  consists  almost  entirely  of 

A  silicate  of  the  red  oxide  of  iron  and  alumina The  mean 

maximum  depth  at  which  the  Olobiiferina-ooxo  occurs,  may  be  taken 
at  about  2250  fathoms ;  the  mean  depth  at  which  we  find  the  trans- 
ition ^rey  ooze  is  2400  fathoms ;  and  the  mean  depth  of  the  red-clay 

BOundings  is  about  2700  fathoms We  were  at  length 

able,"  he  continues,  "  to  predict  the  nature  of  Ifte  bottom  from  the  depth  of 
the  mmndingt  with  absolute  certainty  for  the  Atlantic  and  the  Southern 
Sea."  And  from  these  data  he  considers  it  an  indubitable  inference 
"  that  the  red  clay  is  essentially  the  insoluble  residue,  the  os/i,  as  it  were, 
of  the  calcareous  ot^nisms  which  form  the  Olobiijeriiia-iM7^  after  the 
calcareous  matter  has  been  by  some  nieana  removed."  This  inference  he 
considers  to  have  been  confirmed  by  the  analysis  of  several  samples  of 
OlobigeriTtO'^MTe,  "always  with  the  result  that  a  small  proportion  of  a  red 
■ediment  remains,  which  possesses  all  the  characters  of  the  red  clay." 
Prof.  Wyville  Thomson  further  suggests  that  the  removal  of  the  calcare- 
ous matter  may  be  due  to  the  presence  of  an  excess  of  carbonic  acid  in 
the  bottom- waters,  and  to  the  derivation  of  this  water  in  great  part  from 
circumpolar  freshwater  ice,  so  that,  being  comparatively  free  from  car- 
b<mate  of  lime,  its  solvent  power  for  that  substonce  is  greater  than  that  of 
the  superjacent  waters  of  the  ocean.  He  might  have  added  probability  to 
his  hypothesis  if  be  had  cited  the  observations  of  Mr.  Sorby  as  to  the 
increase  of  solvent  power  for  carbonate  of  lime  possessed  by  water  under 
greatly  augmented  pressure*. 

Greatly  struck  with  the  ingenuity  of  this  hypothesis,  I  turned  to  Prof. 
Wyville  Thomson's  tabular  statement  of  the  facts  in  detail ;  and  must 
own  to  a  great  feeling  of  surprise  at  the  want  of  conformity  of  these 
detmls  with  the  assertions  of  universality  and  certainty  of  prediction 
which  I  have  italicized  in  the  above  extracts.  Thus  in  the  deepest 
sounding  in  the  whole  Atlantic  (that  of  3875  fathoms,  taken  on  the 
•  Proceedings  of  tba  Boyal  Society,  vol.  lii.  p.  538. 
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.  Thomaa  to  Bemiuda),  aa  weU  as  in  the  next  two  Bound- 
id  ^800  fathoms  respectirely  (the  average  of  the  three 
iioma),  the  bottom  was  "  grey  ooze  ;  "  whilst  in  the  neit 
.  of  aSoO,  arOO,  and  aeOO  fathoms  respectively  (th«  ave- 
■0  being  271 6  fathoms,  or  nearly  400  fathoms  less  than  the 
Ijottom  was  of  "  red  clay."     Between  Bennuda  and  the 
Ihore  were  six  successive  soundings  between  27M  and 
iTi  whiL-h  the  bottom  waa  "grey  ooze.", 
11-11,  that  no  constant  relation  eiists  between  depth  ozhI 
he  bottom.     If  not  only  eight  onlinary  soundings  whom 
most  exactly  2800  fathoms,  but  the  extraordinarily  deep 
75  fathoms,  gave  a  bottom  of  "  grey  ooze,"  it  surely  caa- 
certained  fact  that  wherever  the  depth   increases  from 
tmi  fathoms,  the  modern  chalk  formation  of  the  Atlantio 
IS  passes  into  a  clay." 

■■  red  clay  "  had  the  character  of  an  ordinary  river-silt, 
f.'  conformable  to  my  Mediterranean  experience  to  regard     ■" 
liile  Thomson  himself  waa  at  lirst  disposed  to  do)  iu  tbs 
lative  from  the  land,  diffused  through  the  ocean-water 
ling-down  over  particular  areas,  to  wtiich  it  might  be  do- 
!!■  prevalent  direction  of  the  bottom-flow,  which  wouJd 
ill  itrt  turn  upon  the  ridge-and- valley  conformatioa  of  the 
1  hi'  presence  of  a  sm^ill  proportion  of  this  material  in   the 
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oooopied  by  mineral  deposit,  which,  when  the  shell  has  been  dissolved 
away  by  dilate  acid,  presents  a  perfect  internal  cast  of  its  cavities.  By 
the  application  of  this  method  to  Mr.  Beete  Jukes's  Australian  dredgings, 
my  coadjutors,  Messrs.  W.  K.  Parker  and  T.  Bupert  Jones,  obtained  a 
Belies  of  internal  cast«  of  most  wonderful  beauty  and  completeness,  on 
which  I  have  based  my  interpretation  of  the  organic  structure  of  Eaxaon 
Canadense,  Having  myself  examined  in  the  same  manner  a  portion  of 
the  Foraminiferal  sand  dredged  by  Capt.  Spratt  in  the  .£gean  (kindly 
placed  in  my  hands  by  Mr.  J.  Gwyn  Jeffreys),  I  have  found  that  it 
yielded  a  great  variety  of  these  beautiful  models,  not  only  of  the  bodies 
of  Foraminifera,  but  also  of  the  sarcodic  network  which  interpenetrates 
the  calcareous  network  of  the  shell  and  spines  of  Echinida*, 

Alike  in  Mr.  Jukes's  and  in  Capt.  Spratt's  dredgings,  some  of  these 
catta  are  in  green  silicates  and  some  in  ochreatis,  corresponding  precisely 
to  the  two  kinds  of  fossil  casts  described  by  Prof.  Ehrenberg.  The 
difference  I  presume  to  depend  upon  the  degree  of  oxidation  of  the  iron ; 
bat  as  these  casts  are  far  too  precious  to  be  sacrificed  for  chemical  ana- 
lysis, I  cannot  speak  with  certainty  on  this  point. 

As  it  is  only  in  certain  limited  areas  of  the  sea-bottom  that  this  replace- 
ment of  the  sarcodic  bodies  of  Foraminifera  by  mineral  deposit  is  met 
with,  it  has  always  seemed  to  me  next  to  certain  that  there  must  be  some 
peculiarity  in  the  composition  of  the  sea-water  of  those  areas  (produced, 
perhaps,  by  the  outburst  of  submarine  springs  highly  charged  with  ferru- 
ginous silicates)  which  gives  to  them  a  capability  that  does  not  exert 
itself  elsewhere ;  and  this  now  seems  yet  more  probable  from  the  circum- 
stance that,  notwithstanding  the  vast  extent  over  which  the  '  Challenger ' 
aoondings  and  dredgings  have  been  prosecuted,  only  two  or  three  cases 
of  the  kind  have  been  noted — those,  namely,  of  the  '*  greenish  sands  " 
brought  up  from  98  and  150  fathoms  in  the  region  of  the  Agulhas 
Current  and  in  one  or  two  other  localities.  It  is  a  fact  of  peculiar  in- 
terest, moreover,  that  the  calcareous  shells  should  have  here  disappeared, 
just  as  they  have  done  in  ordinary  green  sand  ;  and  this,  too,  although 
the  depth  was  so  small  as  altogether  to  forbid  the  idea  that  their  dis- 
appearance is  due  to  any  solvent  process  brought  about  by  the  agencies 
to  which  Prof.  Wyville  Thomson  attributes  the  removal  of  the  calcareous 
deposit  generated  by  Globigerine  life. 

Now  in  the  residue  left  after  the  decalcification  of  Capt.  Spratt*s  dredg- 
ings, I  noticed  a  number  of  small  particles  of  red  clay,  some  of  them  pre- 
senting no  definite  shape,  whilst  others  approximated  sufficiently  closely 
inform  and  size  to  the  green  and  ochreous  "  internal  casts"  to  induce  me 
to  surmise  that  these  also  had  been  originally  deposited  in  the  chambers 
of  Foraminifera — their  material  being  probably  very  nearly  the  same, 

*  Of  these  I  hope  to  be  able,  ere  long,  to  gire  a  detailed  account,  in  illustration  of 
the  similar  models  of  the  animal  of  Eosoon  obtained  by  the  decalcification  of  its  ser- 
pentine lamelUB. 
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it#  of  nggregftlion  is  difierent.     And  if  this  was  fhelr  real 
1  be  (lisposed  to  extend  the  same  view  to  the  red  elay  of 
T '  soundings  ;  for  a  strong  a  priori  improbability  in  the 
tt  this  is  the  "  ash  ■■  of  the  shells  themselves  ia  created  by 

0  have  no  knowledge  (so  far  as  I  am  aware)  of  the  pre- 
iL'h  aah  in  calcareous  oi^nisma  of  similar  grade.     It  is 
roved  by  the  analyses  of  Globigtrimi^was  quoted  by  Prof. 
ion  ;  since  this  (supposing  it  to  be  free  from  any  extrane- 
<  tnay  have  contained  many  shells  partially  or  completely 

1  deposit.     The  only  analysis  that  could  prove  it  would 
>f  shells  of  fioating  Olobiijtrina,  which  may  be  presumed 
>f  those  found  in  the  surface-layer  of  the  Olobigerinn-^Mze, 

■  living  or  dead)  have  their  chambers  filled  with  sarcode. 
■n.  that  if  the  red  clay  is  (as  I  am  disposed  to  believe)  a 
If}  Olrtbitierinn-ooze,  its  production  is  more  probably  due  to 
Icposit  in  the  phambera  of  Ihe  Foraminifera  than  to  the 
>f  its  material  by  the  lii-ing  animais  in  the  formation  of 
rhttt  deposit  may  have  had  the  character,  in  the  first  in- 
T  the  green  or  the  ochreoua  silicnt*  of  alumina  and  iron, 
:lfa  the  iJiatfirittl  of  thp  interna!  casta,  and  may  have  been 
hiingcd  in  its  charncter  by  ft  metnmorphic  action  analogous 
■h)inf;i?M  felspar  into  clay.     That  (he  presence  of  an  excess 

■  1  H  onid  have  an  important  share  in  Ruch  a  metamorphosis 
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the  Foramiaiferal  shells  whose  internal  casts  formed  the  Greensand 
deposit  of  the  Cretaceous  epoch,  mast  remain  for  the  present  an  open 
question*. 


II.  "  Report  to  the  Hydrographer  of  the  Admiralty  on  the  Cruise 
of  H.M.S.  'Challenger'  from  July  to  November  1874."  By 
Prof.  Wyville  Thomson^  F.R.S.,  Director  of  the  Civilian 
Scientific  StaflF  on  Board .  Received  January  4, 1875.  (Pub- 
lished by  permission  of  the  Lords  of  the  Admiralty.) 

n.M.S.  *  Challenger/  Hong  Kong. 

The  'Challenger'  left  Port  Nicholson  on  the  7th  of  July,  1874,  and 
proceeded  under  sail  along  the  east  coast  of  New  Zealand.  On  the  8th 
we  rounded  and  trawled  in  1100  fathoms,  lat.  40°  13'  S.,  long.  177^  43' 
E.,  with  a  bottom-temperature  of  2'^  C.  and  a  bottom  of  soft  greenish 
oose.  Many  animals  were  brought  up  by  this  trawl  resembling  closely 
those  which  we  had  taken  at  a  corresponding  depth  in  other  portions  of 
the  southern  sea.  On  the  10th  we  again  trawled  and  sounded  in  700 
£athom8  about  40  miles  to  the  oast  of  East  Cape. 

We  then  continued  our  course  northwards  towards  the  Kermadec 
Islands,  and  on  the  14th  we  took  our  usual  series  of  observations  mid- 
way between  Macauley  and  Raoul  Islands  in  the  Kermadec  group.  At 
this  station  we  trawled  at  a  depth  of  630  fathoms ;  and  we  were  greatly 
struck  ^dth  the  general  resemblance  between  the  assemblage  of  animal 
forms  brought  up  in  the  trawl  and  the  results  of  a  good  haul  in  about 
the  same  depth  off  the  coast  of  Portugal  or  North  Africa.  Among  the 
more  interesting  objects  were  a  very  large  and  splendid  specimen  of  a 
Hexactinellid  sponge  allied  to  Poliopogon,  several  other  fine  sponges 
referred  to  the  same  group,  and  three  or  four  examples  of  two  species  of 
Pentacriniu  new  to  science,  resembling  generally  P,  asteria,  L.,  from  the 
Antilles.  We  trawled  on  the  following  day  in  600  fathoms,  45  miles  to 
the  north  of  Baoul  Island,  with  nearly  equal  success.  On  the  evening  of 
Sunday  the  19th  we  arrived  at  Tongatabu  and  called  on  the  principal 
missionary,  Mr.  Baker,  from  whom  we  received  every  possible  attention 
during  our  short  stay.  After  spending  two  days  in  visiting  different 
parts  of  the  island,  we  left  Tongatabu  on  the  22nd  of  July,  and  after 
taking  a  few  hauls  of  the  dredge  in  shallow  water  we  proceeded  towards 
Kandavu  in  the  Pijis.  On  the  24th  we  stopped  off  Matuku  Island  and 
landed  a  party  of  sun-eyors  and  naturalists ;  and  while  they  were  taking 

•  It  is  due  to  Prof.  W.  C.  Williamson  to  point  out  that,  in  the  Memoir  alreadj 
referred  to,  he  indicated  the  probability  "  that  manj  of  our  European  Greenaands, 
And  other  iilioeous  Btrata,  however  barren  of  such  structures  tliey  appear,  may 
have  onoe  contained  multitudes  of  calcareous  microscopic  organisms,  some  of  which 
have  been  removed  e^ter  the  consolidation  of  the  strata,  leaving  either  hollow  casta,  or 
bRTing  hod  the  oavities  subsequently  filled  with  silica." 
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Hid  exploring  on  pLore  we  trawled  in  3i>0  fathoms,  and 
ig  other  things  a  fine  specimen  of  the  Pearly  Nautilus 
/■ilhu),  which  we  kept  living  in  a  tub  for  some  time  in 

■  a  its  movements  and  attitudes. 

-,theS5thof  July,  we  arrived  at  Kandavu, on  the  28th  we 
ia,  and  on  the  3rd  of  August  we  returned  to  Kandavu, 
lined  until  the  10th. 

ciiHlian  staff  were  occupied,  in  eiamining  the  reefs  and 
«ervii3g  the  natural  history  of  the  islands  ;  and  in  this  we 
.■ndly  assistance  from  H.M.  Consul  Mr.  Layard  and  from 

minister  of  King  Cacobau.  During  our  stay,  a  mixed 
iind  civilian  officers  went  in  the  ship's  barge  toMlDawond 

Iter  depth  than  1000  fathoms      Of  these,  one,  at  a  depth 
lis  off  Cape  Turcagaiu,  New   Zealand,  gft\e  a  bottom  of 
1  bottom-temperature  of  2°  C      and  the  setond,  at  2900 
J'  5'  S.,  long.  172°  56'  W.,  midway  between  the  Kerma- 
i'Viendly  Islands,  gave  "  red  tlay '  and  a  temperature  of 
serial  temperature-soundings  were  taken,  and  the  distri- 

■  ■rature  was  found  to  correspond,  in  its  main  features,  with 
lireviously  met  with  in  oceans  communicating  freely  with 
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with  dubs,  Bpeare,  and  bowa  n-ith  sheavea  of  poisoned  arrowa)  were 
■uiScieiitlj'  friendly,  nearly  all  the  ofHccrs  landed  and  apent  a  few  hours 
nmbling  about  the  shore.  It  waa  not  thought  prudent  to  go  far  into 
the  forest,  which  waa  yery  denae  and  luxuriant  and  came  close  down  to 
the  beach. 

The  natives  were  almost  entirely  naked,  and  certainly  bore  a  very 
MTage  and  forbidding  aapect.  Ono  of  them  was  mauifeatly  greatly 
mperior  to  the  others,  and  appeared  to  exercise  a  conaiderable  influence 
over  them.  He  wore  trowaers  and  a  abirt  and  a  felt  hat,  and  could 
speak  English  &irly.  He  recognized  me,  at  once,  as  having  seen  me  at 
the  sugar-plantation  in  Queensland,  where  he  had  been  for  the  usual 
three-yeara'  engagement,  and  showed  me,  with  great  pride,  a  note  from 
hi>  former  employer,  saying  that  the  bearer  waa  anxious  to  return  to  hia 
service,  and  that  he  would  willingly  pay  his  pa'taage-money  and  all 
expenses,  in  case  of  his  being  given  a  passage  to  Brisbane.  I  had  been 
paying  aome  attention  to  the  South-Sea  labour  question,  and  had  formed 
a  very  atrong  opinion  of  the  value  to  the  inhabitants  of  theao  islands  of 
the  opportunity  given  them,  by  this  demand  for  labour,  of  teating  their 
capacity  to  enter  into  and  mix  with  the  general  current  of  working  men, 
and  thereby  possibly  avoid  extermination  ;  and  I  waa  greatly  pleased  to 
see  the  result  in  this  instance. 

From  the  island  of  Api  we  ahaped  our  course  to  the  north-weatward 
towards  Baine  Island,  in  a  breach  of  the  great  barrier  reef  not  far  from 
the  entrance  of  Torres  Strait.  On  the  10th  of  August  we  sounded,  lat. 
16°  47'  S.,  long.  165°  20'  E.,  at  a  depth  of  2650  fathoms,  with  a  bottom 
of  "  red  clay  "  and  a  bottom-temperature  of  l"'"  C.  (35°  T.J.  A  aerial 
temperature-Bounding  was  taken  to  the  depth  of  1600  fathoms  ;  and  it 
was  found  that  the  minimum  temperature  (I"-"  C.)  waa  reached  at  a 
depth  of  1300  fathoms,  and  that  consequently  a  stratum  of  water  at  that 
uniform  temperature  extended  from  that  depth  to  the  bottom. 

Serial  temperature- soundings  were  taken  on  the  21st,  the  24th,  the 
25th,  the  27th,  and  the  28th  of  August  in  2325,  2450,  2440,  2275,  and 
1700  fathoms  reapectively ;  and  in  each  case  the  minimum  temperature 
of  1""7  C.  (or  a  temperature  so  near  it  as  to  leave  the  difference  within 
the  limit  of  instrumental  or  pcrsoual  error  of  obsen'ation)  extended  in  a 
uniform  layer,  averaging  7000  feet  in  thickness,  from  the  depth  of  1300 
Mhoms  to  the  bottom. 

It  will  be  seen  by  reference  to  the  chart  that  on  our  course  from  Api 
to  Bvne  Island  we  traveraed  for  a  distance  of  1400  miles  a  sea  included 
within  a  broken  barrier,  consisting  of  the  continent  of  Australia  to  the 
vest,  the  Louisiade  archipelago,  the  Solomon  lalanda,  and  a  small  part 
of  Ifew  Guinea  to  the  north,  the  Xew  Hebridea  to  the  east,  and  Xew 
Caledonia  and  the  line  of  shoala  and  reefs  which  connect  that  island 
with  Ansttalia  to  the  south.  The  obvious  explanation  of  this  peculiar 
disfaribntion  of  temperatures  within  this  area,  which  we  have  called,  for 
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referenpp,  the  "  Melnnesian  Sea,"  la  that  there  is  no  free 
between  thia  aea  and  the  outer  ocean  to  a  greater  depth 
boma,  the  eneirt-Ung  barrier  bebg  complete  up  to  that 

a  the  belt  oF  the  S.E,  trade-winds,  and  the 

I  of  a  drift-current   which  traveraea  ita  long  atia,  at  an 

[  half  a  knot  an  hour,  is  to  the  weatward  ;  et^aporation  \a, 

lughout  the  course  of  the  trade-winds,  greatly  in 

lipitation,  so  that  a  lar^'e  amount  of  the  aurface-water  is 

a  musf ,  of  course,  be  replaced,  and  it  ia  so  by  an  indraught 

T  the  loweat  part  of  the  barrier,  at  the  proper  tempera- 

Jeptb.     "We  had  previously  found  a  temperature  of  1°'7  0. 

|300  fathoms  on  the  16th,  the  19th,  and  the  21st  of  Juno 

ralia  and  Now  Zealand,  on  the  17th  of  July  in  lat.  25^  5' 

|50'  "W.,  and  earlier  on  the  10th  of  March  in  lat.  47°  25'  8. 

lin  the  Melaneaian  Sea  may  be  described  generally  u 

a  small  but  varying  proportion  of  the  shellB  of  Foramini- 

s  whole,  but  more  usually  much  broken  up  and  decomposed. 

)  aoundings  the  tube  showed  curiously  interstratified  d&- 

iedly  in  colour  and  in  composition.     The  trawl  w«s 

2:ilh  of  August  to  a  depth  of  2440  fathoms.     The 

e  spirulea  of  Hyalonatia,  a 
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Animal  life  was  not  abnodant.  Many  of  the  animalB  seemed  dw&rfed, 
■nd  the  &tima  had  aomewhat  the  character  of  that  of  a  harbour  or 
estnary.  The  specific  gravity  of  the  surface-water  was  unusually  low, 
fidling  on  the  23rd,  off  Dobbo  Harbour,  to  102505,  the  temperature 
reduced  to  15''-5  C,  distilled  water  at  4°  C.  -1. 

After  spending  a  few  days  shooting  Paradise-birds  aud  getting  an 
idea  of  the  natural  history  of  the  island  of  Wokaw,  we  left  Dobbo  on 
tiie  23rd  and  proceeded  to  K6  Doulau,  the  principal  village  in  the  K6 
group.  We  then  went  on  to  the  island  of  Banda,  where  we  remained  a 
couple  of  days,  aud  thence  to  Amboina,  which  wo  reached  on  the  4th  of 


On  the  26th  of  September,  after  leaving  the  K^  Islands,  we  sounded 
Mtd  trawled  in  129  fathoms.  The  trawl  brought  up  a  wonderful  ossem- 
Uage  of  things,  including,  mth  a  large  number  of  Mollusca,  Crustacea, 
and  Echinodenns  of  more  ordinary  forms,  several  fine  examples  of  unde- 
■cribed  hexBCtinellid  sponges,  and  several  very  perfect  specimens  of  two 
new  species  of  Pentaerinus.  Temperature-soundings  were  taken  on  the 
28th  of  September  and  on  the  3rd  of  October,  at  depths  of  2800  and 
1420  fethoms  respectively ;  and  on  both  occasions  the  minimum  tempera- 
ture (3^  C)  was  reached  at  a  depth  of  000  fathoms,  indicating  that  the 
lowest  part  of  a  barrier  inclosing  the  Banda  Sea,  bounded  by  Taliabo, 
Bora,  and  Ceram  on  the  north,  the  Am  Islaods  on  the  east,  Timor  and 
iba  Salwat^  Islands  on  the  south,  and  Celebes  and  the  shoals  of  the 
Flf^es  Sea  on  the  west,  is  900  fathoms  beneath  the  surface. 

From  Amboina  we  went  to  Temate,  and  thence  across  the  Molucca 
passage  into  the  Celebes  Sea,  by  the  passage  between  Bejaren  Island 
uid  the  north-east  point  of  Celebes.  On  the  13th,  we  trawled  and  took 
serial  temperatures  near  Qreat  TawaUie  Island.  The  trawl  brought  up 
SOTer^  specimens  of  a  very  elej^nt  stalked  halichondroid  sponge  new  to 
science,  and  die  thermometer  gave  temperatures  sinking  normally  to  a 
bottom-temperature  of  2°-04  C.  On  the  following  day  we  sounded  in 
1200  fethoms,  with  again  a  normal  bottom-temperature  of  l^O  0.  It 
■eenu,  therefore,  that  the  Molucca  passage  communicates  freely  with  the 
outer  ocean;  it  does  so  at  all  events  to  the  depth  of  1200  fathoms,  and 
most  probably  to  the  bottom,  if  it  include  greater  depths. 

In  the  Celebes  Sea  we  had  two  deep  soundings — on  the  20th,  to  2150 
fathoms,  and  on  the  22nd,  to  2600  fathoms.  On  both  occasions  serial 
temperature-soundings  were  taken,  and  on  both  the  minimum  tempers 
ture  of  3°*7  C.  (38°-7  F.)  was  reached  at  700  fathoms.  A  passage  of 
this  depth  into  the  Celebes  Sea  is  therefore  indicated,  very  probably 
from  the  Molucca  passage.  This  temperature  corresponds  almost 
exactly  with  that  t^en  by  Captain  Chimmo  in  the  same  area.  Vfo 
trswled  on  the  20th ;  and  although  the  number  of  specimens  procured 
was  not  ia^,  they  were  sufficient  to  give  evidence  of  the  presence  of 
the  usas]  deep-sea  fauna. 
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mbounga  on  the  23rd,  and  on  the  26th  n-e  passed  into 
trawled  at  a  depth  of  102  fathoms.     On  the  27th  we 
fathoms,  and  took  a  aerial  tflmperature-BOunding.     A 
ituro  o£  10°  C.  was  found  at  400  fathoms  ;  so  that  the 
i>  regarded  as  the  fourth  of  this  singular  succession  of 

observation  in  the  main  confirmed  those  of  Captain 

but  we  appear  to  have  found  it  at  a  somewhat  higher 

.  Do  Ho  on  the  23th,  and  proceeded  by  the  eastern 
!a,  which  we  reached  on  the  4th  of  November. 

have  been  packed  and  catalogued  in  the  usual  way,  , 
[ume  from  Hong  Kong.     "We  have  had  an  opportunity 

of  making  a  lery  large  number  of  observations  of  great 
.  a  I  Diay  say  that  the  departments  under  my  charge  are 
\-  satiisfttctory  way, 

Ftbruary  11,  1875. 
^TON  HOOKER,  C.B.,  President,  in  the  Chair. 
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and  wbich  here  develops  minute  mutable  pseudopodia,  which  are  being  con- 
atantlj  projected  and  withdrawn.  Indeed  the  vibratile  cilia  appear  to  be 
bat  a  modification  of  these  pseudopodial  processes  of  protoplasm. 

Interposed  between  the  endoderm  and  the  ectoderm  is  the  fhriXUsUd 
layer.  It  is  extremely  well  developed,  and  consists  of  longitudinal  mus- 
cular fibrills,  closely  adherent  to  the  outer  surface  of  a  structureless 
hyaline  membrane — the  '*  Stiitzlamelle "  of  Beichert.  The  fibrillated 
layer,  with  its  supporting  membrane,  is  so  strong  as  to  remain  entire  in 
a  section  of  the  animal  after  the  tissues  on  both  sides  of  it  have  been 
broken  down. 

The  ectoderm  is  composed  of  two  zones,  a  superficial  and  a  deep.  The 
superficial  zone  consists  mainly  of  two  or  three  layers  of  small  round 
cells  containing  yellowish  granules.  Among  these  cells  the  thread-cells 
may  be  seen,  lying  chiefly  near  the  outer  surface  of  the  body.  Two 
forms  of  thread-cells  may  be  here  distinguished — one  ovate,  with  the  in- 
vaginated  tube  occupying  the  axis ;  the  other  fusiform,  with  the  invagi- 
nated  tube  oblique. 

The  deeper  zone  of  the  ectoderm  consists  of  a  very  remarkable  tissue, 
composed  of  peculiar  membraneless  cells,  each  of  which  is  prolonged  into 
a  tail-like  process,  so  that  the  cells  assume  a  clavif  orm  shape.  In  most 
situations,  where  this  tissue  is  developed,  the  processes  from  several  such 
cells  unite  with  one  another,  so  as  to  form  branching,  somewhat  botrylli- 
form  groups,  whose  common  stalk  can  be  followed  into  the  fibrillated 
layer.  The  author  is  thus  enabled  so  far  to  co/ifirm  the  observations  of 
Kleinenberg  on  cells  of  apparently  the  same  significance  in  Hydra,  In 
Myriothelaf  however,  these  cells  do  not,  as  in  Hydra,  reach  the  surface. 
With  the  exception,  apparently,  of  their  condition  in  the  transitory  arms 
of  the  Aetinula  or  locomotive  embryo,  they  form  everywhere  a  deep  zone 
interposed  between  the  muscular  layer  and  the  superficial  layer  of  the 
ectoderm.  This  zone  is  designated  by  the  author  as  the  zone  of 
daviform  tissue.  Though  it  is  in  intimate  association  with  the  fibril- 
lated layer,  the  author  did  not  succeed  in  tradng  a  direct  continuity  of 
the  individual  fibrill®  with  the  processes  of  the  cells,  as  described  by 
Kleinenberg  in  Hydra. 

The  author  adopts,  as  a  probable  hypothesis,  the  views  of  E^leinenberg 
respecting  the  caudate  cells  of  Hydra,  which  he  regards  as  representing 
a  nervous  system.  While  the  deep  layer  of  ectodermal  cells  in  Myrioihela 
would  thus  constitute  a  nervous  layer,  the  superficial  layer  would  repre- 
sent an  epidermis ;  and  since  recent  researches  justify  us  in  regarding 
the  ectoderm  and  endoderm  of  the  Ccelenterata  as  respectively  repre- 
senting in  a  permanent  condition  the  upper  and  lower  leaf  of  the  blas- 
toderm in  the  development  of  the  higher  animals,  we  should  thus  find 
Myrioihela  ofEering  no  exception  to  the  general  law,  which  derives  both 
epidermic  and  nervous  tissues  from  the  upper  leaf  of  the  blastoderm. 

The  structure  of  the  tentacles  is  in  the  highest  degree  interesting,   in 
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k-like  portion,  thn  condition  of  the  endoderm  depart* 
of  this  tissue  in  the  tentarles  of  other  marine  hydroidgj 
trac«i  of  the  HL'ptnte  disposition  so  well  marked  in  these, 
rarv.  composed  of  a  layer  of  small  cells  loaded  with 
md  auirounding  a  continuous  wide  axile  cavity. 
'.  in  the  terminal  capitulum  of  the  t«ntacle  that  the 
e  organs  departs  most  widely  from  any  thing  that  has 
■Qi!*d  in  the  tentacles  of  other  hydroida.     Here  a  very 
developed  between  the  muscular  layer  and  the  proper 
it  takes  the  place  of  the  zone  of  claviform  tissue.     It 
iiispherical  rap  •ver  the  muscular  lamella  aJid  endoderm 
lud  is  composed  of  closely  applied  exceedingly  slender 
r  inner  ends  resting  on  the  muscular  lamella,  to  which 
■rpendicular,  the  whole  structure  forcibly  suggesting  the 
isociftt-ed  with  special  sense-apparatus  in  higher  animda. 
'  but  a  modification,  of  the  tissue  which  elsewhere  fonns 
'urm  tissue. 

.  niiliating  direction  from  the  convex  surface  of  this  rod- 
rds  the  external  surface  ef  the  tentacle,  may  be  seen 
lil.'iinents,  each  nf    which,  making  its  way  among  the 
lemi,  tenuiuFiles  distaliy   in  a  very  delicate  transparent 
lich    carries,  near    its    distal  end,  a  minute    styliform 
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In  tiie  female,  the  primitiYe  plasma  becomes  graduallj  differentiated 
into  a  multitade  of  cell-like  bodies  having  all  the  characters  of  true  ova 
with  their  germinal  vesicle  and  spot.  They  are  entirely  destitute  of 
enveloping  membrane. 

These  bodies  next  begin  to  coalesce  with  one  another  into  numerous 
roundish  masses  of  protoplasm,  which  develop  over  their  sur&ce  minute 
pseudopodial  retractile  processes. 

The  masses  thus  formed  still  further  coalesce  with  one  another ;  and 
there  results  a  single  spheroidal  plasma  mass,  through  which  are  dis- 
persed numerous  small  spherical  vesicles,  mostly  provided  with  a  nucleus. 
These  vesicles  appear  to  be  nothing  more  than  the  nucleolated  nuclei  of 
the  coalesced  ovum-like  cells. 

About  the  time  of  the  completion  of  this  last  coalescence,  the  resulting 
plasma  mass,  enveloped  in  an  external,  very  delicate,  structureless  mem- 
brane, is  expelled,  by  the  contraction  of  the  sporosac,  through  an  aper- 
ture formed  by  rupture  in  its  summit. 

Immediately  after  its  expulsion,  it  is'  seized,  in  a  manner  which  for- 
cibly suggests  the  supposed  action  of  the  Fallopian  tube  on  the  mammalian 
ovum  at  the  moment  of  its  escape  from  the  Graaffian  follicle,  by  the 
sucker-like  extremities  of  certain  remarkable  bodies,  to  which  the  author 
gave  the  name  of  ckuperSy  which  are  developed  among  the  blastostyles, 
and  resemble  long  filiform  and  very  contractile  tentacles. 

It  is  apparently  now  that  fecundation  is  effected ;  for  the  plasma  be- 
comes again  resolved  into  a  multitude  of  roundish  masses.  This  phe- 
nomenon may  be  regarded  as  representing  the  yelk-cleavage  of  an 
ordinary  ovum.  Beasons  are  assigned  for  believing  that  it  is  through  the 
agency  of  the  claspers  that  fecundation  takes  place ;  and  the  claspers  are 
compared  to  the  hectocotylus  of  Cephalopods,  and  to  certain  organs  by 
which  fecundation  is  effected  among  the  Alg». 

The  mulberry-like  mass  thus  formed,  surrounded  by  its  structureless 
membrane,  which  has  now  acquired  considerable  thickness  and  forms  a 
firm  capsule,  continues  to  be  held  in  the  grasp  of  the  claspers  during  cer- 
tain subsequent  stages  of  its  development.  An  endoderm  and  ectoderm 
with  a  true  multicellular  structure  become  differentiated,  a  central  cavity 
IB  formed  by  excavation,  and  the  germ  becomes  thus  converted  into  a 
spheroidal  non-dliated  Planula,  This,  after  acquiring  certain  external 
iq^ypendages,  ultimately  escapes,  by  the  rupture  of  the  capsule,  as  a  free 
aotlnnloid  embryo. 

The  addnuloid,  on  its  escape  from  its  capsule,  is  provided  not  only 
with  the  long  arms  already  noticed  by  Ck>ck8  and  Alder,  but  with  short 
scattered  cbvate  tentacles.  The  short  clavate  tentacles  become  the  per- 
manent tentacles  of  the  fully  developed  hydroid ;  the  long  arms,  on  the 
other  hand,  are  purely  embryonic  and  transitory. 

The  long  embryonic  arms  originate  in  the  spheroidal  Planula,  They 
are  formed  by  a  true  invagination,  and  at  first  grow  inwards  into  the 
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he  Planula.     It  is  only  just  before  the  escape  of  the 
ts  capsule  that  they  eTaginate  themselves  and  become 

>  its  free  exiatence  for  one  or  two  days,  duriag  which 
ly  the  aid  of  its  long  arms,  the  emhryo  files  itself  by 
,  the  long  arms  gradually  disappear,  the  short  permanent 
L-  in  number,  and  the  essential  form  of  the  adult  is  bochi 

rticulars  of  the  Transit  of  Venus  across  the  Sun, 
9,  1874,  observed  on  the  Himalava  Mountains, 
■,   at   May-ViUa   Station,  Lat.  30"  28'  N.,   Long. 
Height  above  Sea  6765  feet."— Note  No.  I.      By 
Hennessey,  F.R.A.S.      Communicated  by  Prof. 
I.C.L.,  Sec.  tt.S.     Received  January  2,  1875. 

Mnr  VillB,  0th  December.  18T4. 
ring  in  the  great  interest  eicit«d  by  the  transit  of  VenUB, 
Ihis  forenoon,  I  proposed  that  I  should  obsen-e  the  event 
•oal  of  the  Royal  Society,  which  Capt.  J.  Herschel,  R.E., 
om  Lidia,  had  temporarily  placed  at  my  disposal ;  and  the 
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or  with  a  ipectroBOOpe  moontiiig  &  single  ample  priim.  The  polur  uii 
maj  be  shiftod  for  latitude.  The  equatoreal  was  set  up  and  adjusted 
in  an  otwerratory-tent,  of  vhich  the  canvas  t«p  was  removed  daring 
obseiTBtion. 

I  found  from  actual  trial  that  the  moHt  suitable  eyepiece  for  both 
ingress  (son's  altitude  2°  24'  to  7°  29')  and  egress  (sun's  altitude  about 
26°)  was  that  of  125  power ;  accordinglj'  this  ey'epiece  alone  was  employed 
at  the  contacts.  It  was,  however,  impossible  to  adopt  the  same  dark  glass 
for  both  the  higher  and  lower  altitudes,  without  sacrificing  definition  on 
one  of  the  two  occasions.  Accordingly  I  selected  for  ingress  two  glaases 
which,  combined,  gave  a  neutral  or  bluish  field ;  and  for  egress  I  changed 
one  of  these  for  a  deep-red  glass,  so  that  the  field  now  presented  a  mode- 
rately deep  red.  The  glasses  were  quite  flat,  and  lay  against  one  another 
in  intimate  contact,  giving  excellent  definition.  I  may  here  add  that, 
ttianks  to  Manrakan,  artificer,  G-.  T.  Survey,  the  clock  behaved  with  per- 
fect regularity ;  nor  was  there  tiie  smallest  instrumental  disappcnntment 
thioaghout  the  work.  As  regards  procedure  during  transit,  my  friend 
Mr.  "W.  H.  Cole,  M^.,  counted  seconds  audibly  from  the  journeyman 
chronometer  placed  before  him ;  while  Baboo  Cally  Mohun  Ghose,  oom- 
puter,  took  up  a  position  by  my  side,  noting  down  such  remarks  as  the 
phenomena,  viewed  through  the  equatoreal,  elicited  from  me.  Nor,  as 
we  stood  informed,  were  the  events  to  be  recorded  few  in  number.  At, 
for  instance,  ingress,  internal  contact,  the  light  between  the  cusps  was 
to  vary  suddenly ;  the  cusps  were  to  meet.  Then  came  "  the  peaiHJrop," 
"  the  ligament ; "  what  should  be  its  length,  what  its  breadth  in  terms  of 
Venus's  diameter,  what  its  shape?  when  would  it  break?  and,  lastly,  which 
of  the  known  descriptions  would  it  resemble  ?  Primed  on  these  points, 
we  settled  on  a  programme  which  should  include  them  all,  and  time  after 
time  we  went  through  the  necessary  rehearsals  for  perfecting  ourselves  in 
otir  parts.  Bo  much  for  what  we  had  to  expect,  and  now  for  afew  words 
on  the  weather. 

Z  moved  up  to  my  mountun-station  on  the  afternoon  of  Dec^nber  1, 
The  day  following  I  was  busy  fixing  my  station,  adjusting  instruments, 
Ac.  Tip  to  this  the  sky  had  been  sufGciently  clear ;  but  from  the  3rd 
there  set  in  an  alternation  of  weather,  which,  without  running  into 
extremes,  kept  me  in  a  state  of  miserable  suspense,  te  say  nothing  of  the 
additional  watching  and  teil  in  observing  for  time.  This  state  of  afEsirs 
appeared  drawing  te  a  climax,  when  the  8th  December  arrived,  and  the 
clouds  looked  blacker,  while  the  mist,  which  generally  precedes  snowfalls 
Ime,  b^an  as  usual  to  settle  down  on  the  internal  and  still  more  lofty 
mges  of  hills.  About  2  P.M.  on  this  day  there  were  a  few  drops  of  rain 
or  sleet,  so  few  that  they  might  almost  have  been  counted  ;  and  later  on, 
as  the  sun  began  to  set,  the  heavy  cumuli  evolved  themselves  into  strati, 
which,  spreacUng  their  even  canopy  over  us,  left  something  like  decimal  0 
of  aky  visible ;  and  this  at  10  o'clock  at  night  1  At4  next  morning,  Dec.  9, 


^■H 

^^^^^^^1 

1 

Mr.  J.  B.  N.  HeDuessey  on  the              [Feb.  U 

f^d  on,  the  eky  was  without  speck  or  cloud ;  the  ur  was 
,  HO  brilHantly  clear,  that  even  the  mo§t  exacting  of 

iQsit.     In  brief,  I  enjoyed  moBt  escjulsitely  clear  weather 
ations— such  weather  oa  occurs  uot  frequently  even  at 

to  describe  the  phenomena  of  the  transit.     In  doing  so 

irtion  of  her  own  limb  is  seen  ^aJust  the  sun,  and  the 
iust  the  sky.  The  former  portion  I  shaU  call  Veuuii's 
lelattor  Veuus's  sky-limb,  or  Vj.     Again,  I  shall  require 

of  light  around  V^,  which  1  shall  indicate  by  L„  tlie 
g  iirotmd  V„  being  understood  by  L„.  Another  point  Ib 
0  has  watched,  say  the  sun's  limb,  especially  at  a  low 
liigh  power,  must  be  aware  of  the  turmoil  or  ebullition 
irs,  very  much  as  if  the  limb  was  being  boiled.  1  shall 
>F  turmoil  ly  "Iwiling." 

the  telescope  we!l  and  carefully  adjusted  for  focus,  I 
imiu);  hrst  estemal  toutatt,  but  to  no  purpose  ;  for  I 
riuB  a  limb  untd  after  it  had  made  an  indentation  on  the 
latter  boiled  sensibly,  but  by  no  means  violently.  It 
md  a.*  if  «ith  minute  spikes  projectinu  innards,  all  of 

18W.] 
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diffuaed  light ;  and  at  fint  I  estimated  this  annulus  at  3"  in  breadth.    It 
WBi  probably  brighteBt  about  the  point  where  the  chord  above  named  cut 


The  umular  ring 


nwEMKim^  takiDg  place  in 


I.  around  the  linib 
rendered  risible  chisflj  b;  the 

Lecesaarilj  abeent  hem. 


Tk-  At  6"  before  first  interDol  contact,  I  estimated  Lkat4"  in  breadth  ; 
at  the  same  time  my  notea  contain  the  remark,  "  definition  excellent." 
At  3'  24*  before  first  internal  contact  I  remarked,  "  light-ring  quite 
difltmctj"  and  1"  16*  later  I  stated,  "  light-ring  quite  bright."  Indeed 
the  annalua  L^  was  so  plain  that,  after  recording  the  time  of  transit  for 
the  dark  edge  V^,  I  even  made  a  conjectural  record  as  to  the  time  when 
the  hright  edge  (L^)  transited  across  the  sun's  limb.  Of  course  this  latter 
estimate  was  based  on  reeoUtetion  of  the  ^ridth  of  L^,  and  not  on  any 
vitAU  fact ;  for  as  L^  came  on  the  eun'e  disk,  the  lesser  light  of  the  former 
merged  into  the  greater  light  of  the  latter.  On  the  whole,  I  am  of  opi- 
nion  that  L^  was  between  2"  and  less  than  4"  in  breadth. 

Inffreii  (continued).—"  And  now  for  '  the  pear-drop,'  '  the  ligament,' 
Ac.,"  I  mentally  exclaimed,  as  I  watched  the  following  limb  of  Venus 
which  had  just  transited.  From  what  has  been  stated  it  will  be  seen  that 
as  Yk  passed  onwards  from  the  sun's  limb,  it  was  followed  immediately 
and  viaihiy  by  the  light-ring  L^  ;  so  that,  unless  Venus  tvddeniy  thot 
haekwarda  aeron  this  ring  of  light,  there  could  be  no  "  pear-drop  "  and  no 
"  ligament."  fully  expecting  this  retrogression,  I  still  watched  intently 
for  the  event,  while  my  friend  Mr.  Cole  went  on  deliberately  enumera- 
ting seconds  amid  the  complete  silence  enforced  on  all  others  around ; 

preaant  thui  the  atump  of  a  broken  Uacklesd  pencil  and  a  blue-red  carpenter'a  paneO. 
A  beUar  aketdi  (rill  be  forwarded  heteatter.  [A  woodout  of  the  better  aketoh  will 
uttmptDj  Vote  No.  2— G.  O.  8] 
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■  any  Buch  event  in  vain.     VenuB  glided  resolutely  on- 
•eak  of  light  she  was  leaving  behind  grew  wider  and  still 
t,  when  a  belt  of  light  representing  10  or  15  minutes  lay 
bhe  sun's  limb,  I  exclaimed  (and  I  believe  much  to  the 
all  concerned),  "  tlicrt  is  no  pear-drop  and  no  ligament." 
IS  for  some  half  an  hour  after  this,  and  then  turned  to 

'. — The  substitution  of  spectroscope  for  eyepiece  cannot 
1  inHt.runioat  without  a  considerable  amount  of  adjust- 
s  had  been  performed,  and  we  had  taken  a  hasty  brcak- 
the  sht  across  the  eeitlrt  of  Venus's  disk,  and  found  that 
nd  all  along  the  length  of  the  bright  solar  spectrum, 
umed  to  us  reflected  no  light.     I  next  placed  the  slit 
la's  disk.     This  gave  a  faint  glimmer  of  narrow  light  tn 
band,  i".  e.  this  glimmer  was  slightly  brighter  than  the 
which  it  appeared,     I  looked  intently  for  Venus's  air- 
as  the  feeble  dispersion  of  the  priara  would  show,  the 
the  ghmmer  from  Venus's  edge  were  identical  in  all 
solar  lines.     1  repealed  these  experiments  as  long  aa 
■md   then,    ^cith    artificer  Manrakan'a    help,   reverted 
i  for  mounting  the  eye-end  and  eyepiece  employed  at 
dy  staled,  it  wai  now  necessary  to  substitute  a  dark- 
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(1)  Id  view  of  the  light-ring  I^  and  of  the  peculiar  boiling  tumoliu 
RTOund  V„  which  may  be  called  L„  I  hftTe  no  doubt  that  L,  waa,  infact, 
a  cmtinaatauD  of  the  hght-ring  L^,  which  latter,  beyond  all  quatioti,  wom 
plainly  vi*ihle ;  and  onder  these  drcumstancea  it  may  be  urged  that 
Tentu  ia  snrroimded  by  an  atmosphere  which  at  the  time  was  made  vitiblt 
to  the  extent  of  2"  to  under  4"  iir  breadth. 

(2)  As  a  matter  of  fact,  the  pear^lrop  and  the  ligament  were  visible  at  a 
heif^t  of  2200  feet,  bat  at  6500  feet  the  ligament  waa  invisible.  The 
influence  generally  of  height  of  statiou,  from  this  evidence,  appears  unde- 
niable ;  but  the  phenomenon  still  remains  to  be  accounted  for  definitely. 
If,  however,  an  effective  atmosphere  of  x  breadth  around  Venus  be  con- 
ceded, this  atmosphere  may  bo  supposed  to  stop  a  certain  amount  of 
direct  light  from  the  son,  producing  a  slight  shade  around  Venus  corre- 
sponding to  the  breadth  m.  This  shade  would,  I  conceive,  be  quite  invi- 
siUe  when  its  outer  edge  is  backed  by  the  sun's  bright  light ;  but  could 
we  contract  the  sun  to  a  diameter  equal  to  that  oE  Venus  plus  twice  x, 
and  make  Venus  and  the  sun  concentric,  it  appears  likely  that  we  should 
see  a  shaded  annulns  right  round  Venus  between  her  limb  and  that  of  the 
sun ;  further,  that  the  annulus  would  appear  darker  at  low  than  at 
higher  altitudes,  and  would  become  invisible  when  the  observer  was 
raised  above  a  sufBciency  of  the  earth's  atmosphere.  Should  these 
Eu^estions  prove  tenable,  the  ligament  seen  would  break  when  the 
outer  edge  of  the  shade,  corresponding  to  x,  transited  across  the  sun's 

(3)  Solar  light  shining  through  Venue's  atmosphere,  if  any,  produces 
no  aHeiation  in  the  lines  of  the  solar  spectrum,  so  far  as  the  dispersion 
of  a  siiigle  simple  prism  can  show.  Also  Venus's  face,  turned  towards 
OS,  reflects  no  light  during  transit,  subject  to  the  same  instrumental  test. 

Kight  of  10th  Dec,  1874. 


HI.  "  Appendix  to  Note,  dated  November  1873,  od  White  Lines  in 
flie  Solar  Spectrum,"  By  J.  B.  N.  Hennessey,  P.R,A.S. 
Communicated  by  Professor  Stokes,  SeG.R.S.  Received 
January  11,  1875. 

After  detection  of  the  white  lines  1650  and  1658  (KirchhofTs  scale)  at 
MnsBoorie  in  November  1873,  I  discovered  two  other  such  lines  before 
leaving  that  station  of  observation,  viz.  2009  and  2068  (about).  On 
20th  November,  1873,  I  packed  up  the  spectroscope,  teking  particular 
care  that  the  prisms  should  not  shift  from  the  position  they  then 
occupied. 

On  28th  November,  1873,  I  set  up  the  spectroscope  in  the  Dome 
Obeervatory  at  Dehra,  in  the  valley  below,  the  prisms  retaining  their 
fanner  position,  and  my  recollection  of  the  white  lines  seen  at  MusBOorifl  . 
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v-id.     I  now  found  that  1650  and  1658  were  distinctly 
re  uo  longer  nearly  o£  the  pure  white  colour  they  pre- 
ler  station,  while  what  may  be  termed  the  gloaa  about 
A'hiL'h  induced    me    to  describe    them   as   reaembliBg 
Bilk  held  in  the  light,"  had  quite  disappeared ;  indeed 
dtt'idedly  greenish  as  not  to  invite  att«utioQ.     White 
:.uld  hardly  see,  and  2009  was  invisible,  notwithstand- 
in  familiar  vtith  the  positions  they  occupied,  and  had 
i  ou  the  subject. 

'leaaed  the  prisms  and  turned  them  about  variously, 
r  any  alteration  iu  the  white  lines  as  they  were  novr 

le  spectroscope  above  sea-level  was 

iNHoorie 7100  feet. 

lira    2200    „ 

Felmiary  ^8,  1&75. 
.TON  HOOKER,  C.B,,  President,  iu  the  Chair. 
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In  TaUe  IH.,  from  20,000  to  30,000,  the  following  eon-igmda  are 
required; — 

Pro  Ugt 

Oppa«ta  »oo7t     66}a  }14S 

„         >ai4]     10071  00141 

..    ""JSS  "ISi  6784 

«oj59  iojlS  10179 

n    '■>939  >o93S  104^ 

..    »ii77  "81  iiti 

„    iiSii  10910  *tSio 

B    »JS99  *74  4J7 

„    15667  15666  11^31 

»S7S9  »575*  11*79 

■I         »74i7     •741S  IJ713 

»7739     '31*9  »77J< 

»!6*J     4777  S5S4 

„         «8687     '4J43  »WM 

*!7S'     "SO  S7S 

»>UJ     14411  759 

..         "9443     19441  '47H 

»9S*7     777  ISS4 

Brtweea  hooj  ind  11017  insert  11013,  ">''  oppotite  to  it    550J. 

„        11961    ,.    11971     n  11963,         „            „        tt4ti. 

„        >S933    »    1S961      „  1S949,         n            11        al94l. 

,        »9j!j    „    19389     „  193I7,         „            „          1099. 


Ifote. — ^I  have  been  kindly  and  ably  asBisted  by  tlie  Bev.  Prof.  Sakoon, 
FJt.8.,  in  rtviting  the  Table  from  20,000  to  30,000,  also  in  ealeulaling 
and  nviiing  the  Table  from  30,000  to  40,000.— W.  S. 

[The  Table  from  30,000  to  40,000  ia  preserred  for  reference  in  the 
Aichivea  of  the  Society,  by  order  of  the  Committee  of  I^pen. — 
G.  G.  8.] 

II.  "  On  the  Nature  and  Physiological  Action  of  the  Crotahu- 

poiion  as  compared  with  that  of  Naja  tripudiatu  and  other 

Indian   Yenomona    Snakes ;    also    Investigations    into    the 

Nature  of  the  Influence  of  Naja-   and  CVo^o/iw-poison  on 

Ciliary  and  Amoeboid  Action  and  on  Valtisneria,  and  on  the 

Influence    of    Inspiration    of    pore    Oxygen    on    Poisoned 

Animals."     By  T.  Ladder  Brunton,  M.D.,  F.R.S.,  ScD., 

'  M.B.C.P.,   and   J.  Payrer,  C.S.I.,   M.D.,   F.R.C.P.  Lond., 

F.B.S  JS.,  President  of  the  Medical  Board  at  the  India  Office. 

Heceived  January  7,  1875. 

In  oar  former  papers  we  described  the  general  phenomena  sttcompany- 

ing  the   physiological  action  of  oobra-  and  Atfoto-poisons  on  waim- 

Uooded  animals,  reptiles,  ilshes,  and  invertebrata.    We  propose  in  this 


I^^^I^^H 
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!  with  these  the  Bction  of  the  CrofniiM-virus  in  its  general 
L  the  funutiooa,  organs,  and  tissues,  and  especiallj  as  it 
and  vessels  aa  regards  a  marked  influence  in  causing 
1  extravasations  of  blood  generally  and  locally ;  and, 
rie  the  action  of  enake-poiaon  generally  on  ciliary  and 
i.'uts — or  that  which  repreaents  its  action  on  contracti- 
liat  which  is  caused  through  the  medium  of  the  nervo- 
>-distribution. 

Lt  there  is  little  diSerenco  between  the  physiological 
taline  or  viperine  and  the  coluhrine  virus.     The  mode 
brought  about  is  essentially  the  same  in  all ;  though 
I'S,  even  when  allowing  for  individual  peculiarities,  that 

in  detail. 

idy  eipresaed  our  belief  that  death  is  caused  by  tha 

and  Hydrophii-'pox&o'D,  1st,  through  its  action  on  the 

r  2ud,  in  some  cases  (where  the  poison  has  entered  the 
^e  quantities  and  has  been  conveyed  more  directly  to  the 
tetauieally  in  systole,  of  cardiac  action,  probably  owing 
1  the  cardiac  ganglia  ;  3rd,  by  a  comhinatiim  of  tlie  two 
4th,  by  a  septic  condition  of  a  secondary  nature,  and 
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Hnmorriiagea  or  luemorrfaagic  eztraTBsations  and  effusions,  both  local 
aod  general,  oocnr  in  all  Tsrieties  of  snake- poiBoning. 

Bat  w6  oboerre  (and  in  tide  our  obeerrationB  are  in  accord  with  those 
of  "Weir  Mitcliell)  that  there  is  a  greater  tendency  to  both  local  and 
generd  hsmorrbage  and  extravasation  of  blood  and  of  the  colouring- 
matter  of  the  blood,  espetoally  as  obaerred  in  the  peritoneum,  intestineB, 
and  mesentery,  and  also  probably  to  a  more  direct  action  on  tlie  cord 
{vidt  Eiperimenta  I.,  m.,  V.,  VI.,  Vn.,  IX.,  XI.,  XIV.,  XV.),  than  in 
pcdsoning  by  either  cobra  or  viper  {vide  Experiments  IV.,  Til.,  XIII., 
XVL.  XVn.,  XX.). 

The  Tiscera  and  other  tissnea,  after  death,  are  found  congested  and 
eechymoedd,  and  in  some  cases  to  a  great  extent,  seeming  to  show  that 
either  a  pret«rnatural  fluidity  of  blood  or  some  important  change  in  the 
vessels,  faTonring  its  exudation,  has  occurred. 

But  with  regard  to  the  blood  itself  we  have  observed  that  it  does  form 
a  coagulnm  after  death,  generally,  if  not  invariably ;  as  we  have  noted  to 
be  the  case,  though  not  to  the  same  extent,  in  the  blood  of  ftniniulB  that 
have  succumbed  to  the  Ai&nVvirus*. 

With  reference  to  the  coagulation  or  non-cof^ulation  of  the  blood  in 
cases  of  snake-poisoning,  we  observe  that  the  following  conclusions  have 
bera  arrived  at  by  Mr.  Bicbarda  and  the  Calcutta  Committee  {vide  p.  45 
of  their  Seport). 

"  "We  now  propose  to  deal  with  the  physical  changes  produced  by 
snake-poisoning  on  tbe  blood.  From  observations  which  have  been  made 
by  Mr.  Mchards  and  oureelvea,  we  have  arrived  at  the  following  con- 


"  The  blood  appears  to  remain  fluid  after  death  under  the  cireumstatuxt 
noted  below: — 

"  Ist.  When  a  large  quantaty  of  the  cobra-poison  has  been  directly  in- 
jected into  the  circulation,  as,  for  example,  into  an  artery  or  a  veint. 

"  2ad.  In  caaes  where  animals  or  men  have  been  poisoned  by  the  bite 
of  vipers,  such  as  the  Eusaell's  viper. 

""Srd.  In  all  caaes  of  snake-bite,  whether  from  the  poisonous  colubrine 
OT  viperine  genera,  in  the  human  subject  f. 

"  The  blood  undergoes  eitlier  partial  or  complete  eooffvhtion  vnder  the 
faOowintf  conditions : — 

"  Ist,  When  a  small  quantity  only  of  the  cobra-poison  has  been 
injected  into  a  vein  or  an  artery. 

"  2nd.  In  cases  where  the  lower  animals  have  been  bitten  by  the 
cobra. 

"  Why  the  admixture  of  a  large  and  quickly  fatal  injection  of  the 
cobra-vims  into  the  circulation  of  animala  should  produce  comparatively 

*  la  Dr.  FftyT«r'«  Indian  eiperimenta  th«  blood  of  ammab  dead  &om  Daboia-poltoa 
ataxlj  tlmjt  Nmained  fluid  titer  death, 
t  This  ii  not  slways  w.— J.  Pajrer.  J  Kot  simp  so.— J.  Ferrer. 
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Ijt.y  of  the  blood  or  interfere  with  its  ordinary  eoagiilability 

]>val  from  the  body  or  after  death,  and  why  the  injection 

e  slowly  fatal  quantity  ehoidd  interpose  no  obstat.'le 

kigulation,  are  queatious  estremely  difficult  to  account  for 

can  only  atatfl  the  fact  that,  in  the  ods  case,  ooag^lation 

nd  ill  the  other  this  coagulation  is  retarded  or  altogether 

le  cause  at  present  unknown." 


eiperiments  were  made  on  the  physiological  action  of  the 
Itlesuake,  nith  the  view  of  comparison  with  that  of  the 

Ihted  tfl  Dr.  Weir  Mitchell,  of  Philadelphia,  for  a  supply  of 

B  good  enough  to  send  about  sis  grains  of  the  dried 

/e(s— the  species  not  named,  but  it  is  belieTed  to  be  of 

lupplied  is  said  to  be  about  fi|  years  old,  and  was 
r  August  at  the  natural  temperature,  and  has  aince  then 
I  phial.     It  was  tried  by  Dr.  Mitchell  and  found 

ippearanoe  of  fractured  frftgmenf.s  of  dried  gum-arabic, 
ow  colour,  but  otherwise  resembling  the  dried 
;ngal. 
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12J30.  XwitchingB  much  increased,  oow  mmnly  in  head  and  neck,  not 
M  much  in  liind  I^. 

12^.  Ghiineftpig  quiet,  bat  with  occuioual  twitchingB ;  sluggish  and 
disinclined  to  more. 

1^.  Blnggish  in  tnoving ;  can  still  move  aboat,  though  disinclined  to 
do  BO.    The  ponctored  thigh  is  rery  blue. 

The  rest  of  the  notes  of  this  experiment  were  lost. 

The  M^imftl  died* 

Experiment  III. 

June  10(A,  1874. — }  of  a  grain  of  Crotalue-  and  |  of  a  grain  of  cobra- 
poisoD  were  carefullf  weighed  and  diluted,  each  with  ten  drops  of  dis- 
tiUod  water.  Two  full-grown  guineapigs  of  equal  waght  were  then 
selected. 

The  Molutioa  of  CroJaltu-poison  was  injected  into  the  peritoneal  cavity 
of  gnioeapg  No.  1  at  1.62  vm. 

1J»5.  Muacolar  twitchings  of  head  and  neck. 

2  P.if.  Stortings  and  twitchings  continue. 

It  gives  faint  squeaka  occasionaUy,  as  though  the  sudden  stortings 
which  occur  at  intervals  of  6  or  6  seconds  cause  pun. 

2.5.  Twitchings  continue. 

2.8.  Very  restless ;  twitchings  going  on,  but  no  paralysis  yet. 

2.17.  The  same. 

2.25.  BestlesB  and  weaker;  but  still  moves  freely  on  being  roused. 

2.42.  Sluggish  ;  drags  the  hind  legs. 

2.58.  Vet^ir;  rolls  partially  over  on  one  side,  but  can  run  when 
rouwd. 

3.3.  Lying  on  side,  but  can  be  roused;  is  partially  paralyzed  in 
liind  legs.    Bespiration  abdominal  and  hurried. 

3.5.  Nearly  quite  paralysed ;  is  roused  with  difficulty. 

3.7.  Can  still  be  roused.  Abdomen  distended  and  painful ;  cries  out 
when  it  is  touched,  as  though  peritonitis  were  setting  in. 

S.I2.  Can  be  roused  with  difficulty ;  respiration  hurried ;  convulsive 
tnovementa  of  fore  legs  and  neck.  Can  still  stagger  for  a  few  paces ;  but 
ooordination  of  muscular  power  much  diminished, 

3.30.  In  violent  convulsions. 

3.38.  Convulsions  continue. 

3.45.  Quiet.     Paralyzed;  but  reflex  action  still  contanues. 

3.56.  Dead  in  2  hours  and  3  minutes. 

3.56.  Mectrodea  in  cord  cause  twitching  of  muscles  of  the  back,  and 
very  slightly  in  those  of  the  legs :  the  cord  was  evidently  all  but  para- 
lysed. Muscular  fibre  contracts  freely  to  direct  stimulus  of  current.  The 
intestines  were  ecchymosed  and  congested.  There  were  effusions  of  red 
senun  into  the  peritoneal  cavity,  and  much  ecchymosis  of  peritoneum 
and  snbperitoneal  and  intro-muscular  areolar  tissue.  Peristaltic  action 
ccmtinned  £aintly. 
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eart  haa  ceased  to  contract  4  minutes  after  apparent  death  ; 
t'ootract,  eapecially  the  aurielea,  for  part  (not  the  whole) 

emoved  from  the    heart-cavities  and  vena  cava  rapidly 
■oagnlum  in  a  glass  receiver. 

.'s  applied  to  the  sciatic  showed  that  the  serre-trunk,  as 
lal  cord,  waa  paralyzed. 

Experiment  IV. 

0, 2,  an  albino,  had  the  ^-grain  cobra-Tims  aolation  injectol 
eal  cavity  at  1.56  p.m. 
ly  became  much  excited. 

quite  tranquil. 

Does  not  twitch  as  guineapig  No.  1  did. 
and  squeaked  slightly,  as  though  in  pain,  but  no  twitching. 
witching  generally.     Paralyaia  and  ataxy  commencing; 
ith  difficulty. 

.vitchings  of  head  and  neck. 

.'d  on  to  the  belly ;  head  fallen  over ;  crawls  with  diffi- 
leeblc,  almost  paralywd.     The  albino  eyes  have  a  heavy 
their  bright  pi\ik. 

1875.] 
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tiiaie  two  easee,  except  in  the  energy  with  which  the  cobra  ex^^eeded  the 
CroiaJm. 


squeaks ; 
paralysis. 

Peritoni- 
Death  in 


CroUUus, 

Twitchings ;  restless ; 
sluggish  ;  ataxy  ; 
Hurried  respiration, 
tis.  Conyulsions. 
2  hours  3  minutes.  Coagulated 
blood.  Eechymosis  and  extra- 
vasation of  serous  effusion  well 
marked.  Cord  paralysed.  Mus- 
cles retain  irritability. 


Cobra, 
Twitchiugs;  excitement;  squeaks; 
sluggish  ;  ataxy  ;  weakness  ; 
paralysis.  Convulsions.  Death 
in  20  minutes.  Spinal  cord  and 
nerves  paralyzed.  Muscles  irri- 
table. Heart  distended.  Blood 
congested.  Eechymosis.  Con- 
gestion less  than  in  Croialus.  , 


Esifperiment  V. 

June  l(Hh, — ^A  grain  of  CVotoZu^poison  ^uted  with  water  was 
injected  into  the  peritoneum  of  a  full-grown  guineapig  at  2.40  P.K. 
Twitchings  began  almost  immediately. 

3.3.  Bestless ;  startings ;  staggers  on  hind  legs. 

3.20.  Very  weak,  especially  in  hind  quarters.  General  paralysis 
setting  in.    Abdomen  distended  and  very  tender. 

3.30.  In  convulsions.    Still  feels  when  the  abdomen  is  touched. 

3.37.  Paralyzed ;  but  feels  the  touch.    Beflex  well  marked. 

3.45.  Apparently  dead  in  65  minutes. 

3.48.  Cavities  opened.  Auricles  flickering.  Blood  from  heart  and 
great  vessels  coagulated  firmly.  Abdominal  cavity  and  areolar  tissue  and 
subperitoneal  tissue  infiltrated  with  bloody  serum.  Much  eechymosis  of 
peritoneum  and  intestines,  but  not  of  lungs.  Cord  and  nerves  paralyased. 
Huscles  contract  vigorously  to  induced  current. 

Action  of  Crotalus-jx>t90H  on  Babbit. 

Experiment  YI. 

^  of  a  grain  (*015  gramme)  of  the  same  CVoto2u«-poison,  dissolved  in 
1  cab.  centim.  of  water. 

Tke  jugular  vein  of  a  large  white  rabbit  was  exposed,  and  the  above 
solution  was  injected  into  it  at  1.50  p.m. 

At  1.51  violent  convulsions,  with  opisthotonos. 

At  1.63  apparently  quite  dead.  Artificial  respiration  commenced  im- 
mediately. Heart  acting  still,  though  feebly  and  with  irregular  flickering 
contractions.    Bpinal  cord  exposed.    Electrodes  applied ;  no  reaction. 

2.12.  Heart  still  contracting  feebly. 

2.16.  Faint  contractions  of  heart  still  observable.  Ventricles  punctured, 
and  Uood  withdrawn.    Peristaltic  action  has  ceased. 

2.20.  Feeble  cardiac  movements  continue. 

2.21.  Heart  has  now  ceased.    Muscles  react  to  direct  curr«iit%  l^^ftSJa. 

^1 
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I  pamlyais  of  medulla  and  cord.  The  blood  taken  frfnn 
Igi'eat  vessels  did  not  coagulate.     At  4  P.u.  it  vaa  still 

y  florid  in  colour. 

ar  the  microscope  nearly  2  hours  after  ftpparent  death, 
BUBcles  appeared  natural ;  the  red  corpuscles  not  in 
Jery  much  crenated,  though  a  faw  retained  their  natural 

s  natural  to  teat-paper. 

Bxperinunt  Til. 
Ij  of  a  gnun  (-015  gramme)  of  dried  cobra-poison,  dissolved 
In.  of  water,  was  injected  into  the  jugular  vein  of  a  large 
f  the  aanie  size  as  in  the  previous  experiment,  at  2.55  p.m. 
3cd  at  once  into  riolent  convulsions,  and  was  apparently 
l;ou!d  he  reiaoved  from  the  board,  within  one  minute.  The 
Bodiat«ly  eiposed,  artificial  respiration  having  also  been 
Jddes  applied,  with  strong  current ;  no  reaction  ;  tbo  cord 
Baralyaed. 

lined  at  2,59.  Heart  had  ceased  to  contract.  Tentricles 
litracted.  Auricles  distended  with  blood.  Phrenic  im- 
JalyKed,  Diaphragm,  when  directly  irritat-ed  by  cuTKOt, 
1  faintly,  whilat  the  neiglibouring  muscles  contract  vigo- 
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dreulationliave  the  power  in  some  eases  of  annihilating  almost  instanta- 
neoosly  the  irritability  of  the  cord  and  medulla,  as  in  others  they  hare  of 
arresting  the  heart's  action. 

ExpenmerU  Vill. 

June  17ih. — Ten  drops  of  the  blood  of  the  rabbit  described  in  the  last 
experiment,  poisoned  by  Croialus-yirus,  were  injected  into  a  guineapig's 
thigh  at  3.40  p.m. 

The  goineapig  was  not  apparently  affected  constitutionally  by  the 
poisoned  blood.  It  was  alive  the  next  morning ;  but  the  leg  was  swollen 
and  discoloured.    It  ultimately  recovered. 

Experiment  IX. 

June  24ih,  1874. — A  full-grown  cat  was  chloralized  at  1.20  p.m.  |  of 
a  grain  of  CrotoZu«-poison,  diluted  with  1  cub.  centim.  of  water,  was  in- 
jected into  the  jugular  vein.  The  respirations  were  immediately  quickened. 

1.21.  Twitching  of  muscles  generally. 

1.22.  Efforts  to  vomit.    Forcible  extension  of  limbs. 

1.24.  Hurried  respiration  and  retching.    Beflex  action  perfect. 

1.30.  Muscular  twitching  and  tetanic  stretching  of  liml^.  Efforts  to 
Tomit  continue.    Micturition.    Bolls  over  on  the  ground. 

1.34.  Ataxy.  Staggers  when  walking,  which  it  can  only  do  for  a  few 
paces.  Peculiar  twitching  of  diaphragm ;  not  synchronous  with  respira- 
tory movements.    Bolls  over  on  its  side. 

2  P.1C.  In  the  same  state. 

2.8.  Injected  |  of  a  grain  more  of  the  poison  into  the  same  jugular 
vein.  The  animal  immediately  got  up  and  walked,  comparatively  steadily, 
for  several  paces,  as  though  it  had  been  stimulated,  and  then  rolled  over. 

2.16.  Twitching  of  diaphragm  continues  at  the  rate  of  150  per  minute. 

2.1S.  Again  got  up  and  walked  for  a  few  paces ;  but  it  is  gradually 
becoming  more  paralyzed. 

2.44.  Violent  tetanic  spasms  of  limbs.    Beflex  action  diminished. 

2.46.  Beflex  action  gone  from  eyes.     Deep  sighing  respiration. 

2.47.  Convulsions.  Death.  Body  opened  immediately.  Lungs  deeply 
congested  and  much  ecchymosed.  Deep  red  '  gelatinous  effusion  all 
about  the  roots  of  the  lungs.  Heart  contracting.  Electrodes  applied  to 
phrenic  caused  vigorous  contraction  of  diaphragm. 

2.50.  Heart  ceased  to  contract  3  minutes  after  respiration  had  ceased. 

2.52.  Electrodes  in  cord ;  do  not  cause  contraction  of  limbs. 

2.54.  The  sciatic  nerve,  when  irritated,  conveys  impressions;  muscles  of 
legs  contract.  Blood  from  the  heart  and  great  vessels  did  not  form  a 
coagolum,  and  remained  permanently  fluid.  Bed  corpuscles  of  blood 
were  much  crenated. 

Death  in  this  case  appeared  to  be  caused  through  the  mi^xiS&Sb* 
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Exjyeriment  X. 

. — Action  of  CrofniiM-poiBon  on  the  frog, 
g  was  ligatured  excluding  the  aciatic  nerve. 
I  C'rotalus-poison  waa  injected  into  the  lymph-sac  at  12.32 

L,  but  not  otherwiao  aBoctod. 

ame  tondilion. 
l2.3,noon.  Sluggish,  but  can  still  move. 
Vound  dead  tliig  morning  early ;  pupils  contracted. 
Iplied ;  no  reactioa  in  cither  cord  or  nerves  on  either  aids 
1  :;urrent. 
I  have  been  dead  some  hours. 

Ea'pcrimrnt  XI. 

Kt  3  P.M.  same  day  a  solution  of  Crotalus-yenom  was 
1;  dorsal  lyinph-sac  of  a  frog,  the  aorta  having  been  pre- 
o  as  to  prevfut  the  poison  from  affecting  the  tninig 
|lremitiea  of  the  sciatic  nen'es. 
a  quit«  unaffected. 

loon.  Frog  dc-ad  ;  not  rigid  ;  mouth  open, 
with  strongest  current  does  not  cause  contraction  of 
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place,  and  to  the  naked  eye  the  mesentery  became  discoloured  by  patches 
of  eochymosis  in  the  course  of  the  small  blood-vessels,  like  the  foliage  on 
the  branches  of  a  tree. 

There  could  be  no  doubt  that  the  local  action  of  the  poison  had  a  martced 
effect  in  producing  extravasation  of  blood. 

Experiment  XIII. 

A  similar  experiment  was  repeated  on  another  part  of  the  mesentery 
of  the  same  cat  with  cobra-poison,  exactly  as  the  Croialu8-i^o\&on  had 
been  applied  in  the  previous  experiment.  This  was  carefully  watched, 
but.  no  extravasation  took  place ;  there  was  a  marked  difference  in  the 
result  of  the  application  of  the  two  poisons,  at  all  events  as  far  as  these 
two  experiments  were  concerned. 

Experiment  XIV. 

August  \2th,  1874. — A  cat  was  chloralized  at  2.30  p.m.  Mesentery 
exposed  and  placed  under  microscope  on  warm  stage. 

CrotoZtM-poison  applied  to  mesentery ;  circulation  soon  diminished  in 
some  vessels  but  continued  vigorously  in  others.  Isolated  extravasated 
patches  soon  made  their  appearance  of  a  triangular  form,  others  followed 
and  coalesced  with  these  until  a  network  was  formed  in  the  course  of  the 
vessels  all  over  the  field.  The  extravasation  soon  became  general,  the  cir- 
culation still  continuing  slowly. 

ExperimerU  XV. 

A  fresh  portion  of  mesentery  of  same  cat  exposed.  Intestines  be- 
coming cold  and  circulation  now  very  languid. 

Cobra-poison  applied. 

No  apparent  effect  produced;  but  the  circulation  is  very  languid, 
indeed  has  almost  ceased,  so  that  the  results  of  this  experiment  are  not 
conclusive. 

Experiment  XIV. 

Awpusi  \4tth,  1874. — ^A  cat  was  chloralized,  part  of  mesentery  with- 
drawn, and  placed  under  microscope  on  warm  stage. 

Dried  cobra-poison  dissolved  in  a  salt  solution,  *75  per  cent.,  applied  to 
the  mesentery  at  4.10  f.m. 

4.14.  CSrculation  is  languid,  almost  ceased  in  some  vessels. 

4.18.  Slight  extravasation  taking  place  where  the  poison  has  been  in 
contact. 

4.20.  Extravasation  rather  more  obvious. 

4.35.  Exposed  another  part  of  the  mesentery ;  examined  the  state  of 
the  circulation  before  applying  the  poison.     Blood  flowing  languidly. 

Poison  applied  at  4.37 ;  at  first  it  seemed  rather  to  accelerate  the 
movement  of  the  blood. 
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,tion  eoutinues  at  same  rate. 

■ate. 

lines  more  languid. 

,tion  has  ceased,  but  yot  there  U  do  marked  extravasation. 

Ejcperiment  XVII. 
ion  of  the  same  meaentery  had  cobra-poison  applied,  but 
PUT  there  was  no  sign  o£  extravasation. 

Ea.-perimtM  XVni. 
■  of  mesentery  exposed  of  same  cat,  and  diluted  Crolidua- 
it  4..52  P.M. 
in  was  rather  languid  at  tho  time,  and  apparently  became 

^travasation  had  taken  place,  the  blood  flowing  very  lan- 

tion  still  going  on,  but  very  sIowIt;  no  extra vaeation ;  it 

■d. 

Rrpfrimenl  XIX. 
a  fresh  portion  of  the  mesentery  was  espoaod  ;  to  one 
to  the  other  tVo^i^iw-poisou  was  applied,  and  liie  effect 
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witii  the  object  of  testing  the  influence  of  snake-poison  on  ciliary  action, 
especially  in  reference  to  its  comparative  action^on  vegetable  protoplasm, 
as  will  be  seen  by  his  remarks. 

Experiment  XXI. 

Influence  of  Cohrorpoison  on  Ciliary  Action. 

June  29th^  1874. — Ciliated  epithelium  from  the  frog's  mouth  was  treated 
with  a  solution  of  cobra-poison  and  examined  under  the  microscope. 
At  1.35  P.M.,  when  examined,  the  action  of  the  cilia  was  vigorous. 
At  1.45  it  was  much  diminished. 
At  1.55  it  had  entirely  ceased. 

Eaperiment  XXII. 

Ciliated  epithelium  placed  under  microscope ;  one  part  was  treated  with 
water,  the  other  with  the  poisoned  solution. 

At  2.10  Fjr.  ciliary  motion  vigorous  in  both,  perhaps  more  so  in  that 
subjected  to  the  poisoned  solution. 

2.18.  Non-poisoned  cilia  active.    Poisoned  cilia  very  feeble. 

2.20.  Non-poisoned  cilia  still  active.    Poisoned  citia  very  feeble. 

2.24.  Non-poisoned  cilia  active.    Poisoned  cilia  very  languid. 

2.30.  Non-poisoned  cilia  still  active.  Poisoned  cilia  have  entirely 
ceased  to  act. 

It  is  evident  from  this  that  the  poison  first  stimulates  and  then  destroys 
the  activity  of  the  ciliary  action. 

Experiment  XXTTT. 

August  14tK — Frog's  blood  placed  in  salt  solution,  *75  per  cent.,  at  1.25 
P.M.  on  warm  stage,  and  then  subjected  to  the  action  of  cobra-poison. 

At  first  the  amoeboid  movements  of  white  corpuscles  went  on  vigo- 
rously. At  2  P.M.  they  had  ceased,  or  very  nearly  so,  in  all  that  appeared 
in  the  field. 

2.30.  All  movement  had  entirely  ceased.  The  red  corpuscles  seemed 
more  flattened,  the  nucleus  more  visible,  and  the  edges  better  defined, 
assuming  a  pointed  and  more  oval  form  than  usual. 

Experiment  XXIV. 

August  25th,  1874. — ^Newts'  blood  examined  under  J  object-glass  on 
hot  stage,  white  corpuscles  moving  slowly.  Cobra-poison  applied,  but  no 
perceptible  change  observed. 

The  following  communications  were  received  from  Mr.  C.  Darwin  on 
the  action  of  some  of  the  same  cobra-poison  on  vegetable  protoplasm : — 

"  You  will  perhaps  like  to  hear  how  it  acted  on  Drosera.  I  made  a 
solution  of  I  gr.  to  5ij  of  water.    A  minute  drop  on  a  small  pin's  head 
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11  several  glands,  more  powerfully  than  the  fresh  poison 

jil  three  leaves  in  90  minims  oE  the  solution;  the  ten- 
L-  inHttted  and  the  glands  quite  white,  aa  if  they  had 
ing  water.     I  felt  sure  that  the  leaves  were  killed ;  but 
ersion  they  wore  placed  in  water,  and  after  about  43 
,  showing  that  they  were  by  no  means  killed.      Tho 
curastani*  is,  that,  after  an  immersion  of  48  hours,  the 
cells  was  in  un\iaua!]y  active  movement.    Now,  can  you 
tT  this  poison,  if  diluted,  arrests  the   movement   of 

;r.  [of  cobra-poison]  in  5j  of  n*ater,  so  that  I  was  abla 
ives.     It  acted  as  before,  but  more  energetically ;  and 
I'arly,  this  time,  that  the  solution  makes  the  secretion 
■loudy,  which  I  have  never  before  observed.     But  here 
ible  point  ;  after  an  immersion  of  4S  hours,  the  proto- 
■ella  incessantly  changes  form,  and  I  never  saw  it  on 
so  aclivo.     Hence  I  cannot  doubt  that  this  poison  is 
protoplasm  ;  and  I  shall  bo  very  curious  to  find  out  in 
IT  you  have  tried  its  action  on  the  cilia  and  on  the 
.'3  of  the  blood.     If  Ihe  poison  does  arrest  their  move- 
that  there  ia  a  profound  difference  between  the  pro- 
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1.45.  The  moBcle  has  lost  its  irritability;  does  uot  respond  to  the 
s^roDgeet  current. 

Experimewt  XXYI. 

At  the  same  time  (1.25  p.m.)  the  gastrocnemius  from  the  other  leg  of 
the  same  frog  immersed  in  water.  Did  not  immediately  contract  like 
that  placed  in  the  poisoned  solution. 

1.30.  Contracts  strongly  to  current  at  15  c.  m.  of  Du  Bois  Beymond's 
coil,  more  than  the  poisoned  muscle  at  11,  at  the  same  moment. 

1.45.  Contracts  distinctly  at  11,  whilst  the  poisoned  muscle  has  lost 
all  irritability. 

Erom  this  it  is  evident  that  th^  poison  first  stimulates  the  muscular 
fibre  to  contract,  but  rapidly  afterwards  destroys  its  irritability. 

Earperiment  XXVII. 

The  gastrocnemii  of  a  frog  were  again  treated  in  the  same  way  as  in 
the  previous  experiment,  with  precisely  the  same  results. 

JuM  28^. — ^Made  several  experiments  with  cobra-poison  on  ciliated 
epithelium  of  frog's  mouth,  and  found  that  it  at  first  accelerated,  then 
destroyed,  the  action  of  the  dlia. 

« 

Experiment  XXYUI. 
To  test  the  effects  of  Cohra-poison,  when  swallowed^  on  the  Prog. 

June  2ith^  1874. — ^At  2.25  p.m,  about  ^  of  a  gr.  of  dried  cobra-poison 
was  passed  down  a  frog's  throat. 

2.30.  Frog  making  violent  efforts  to  vomit.  Qtiping.  Head  thrown 
back  tetanically. 

2.34.  Bloody  mucus  vomited  with  violent  efforts  *. 

2.50.  Moves  with  difficulty ;  is  becoming  paralyzed.  Efforts  to  vomit 
continue. 

3.  Much  the  same. 

3.5.  Very  weak ;  still  tries  to  vomit. 

3.10.  Seflex  action  still  well-marked. 

3.15.  Motor  nerves  apparently  quite  paralyzed. 

3.20.  Apparent  death. 

Artificial  Respiration  with  pure  Oxygen, 

As  life  had  been  prolonged  for  many  hours  in  snake-poisoning  by  arti* 
ficial  respiration  with  atmospheric  air,  it  was  thought  expedient  to  as- 
certain if  the  more  complete  oxygenation  by  the  undiluted  gas  would  be 
more  efficacious,  as  it  seemed  might  be  possible ;  accordingly  the  following 
experiment  was  made  on  the  24th  April,  1874. 

*  This  experiment  is  especially  interesting,  as  showing  that  frogs  do  occasionally 
Tomit,  a  fact  which  has  been  denied  by  some  physiologists. 
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EA-pcTxment  XXIX, 
\  dried  cobra-poison  diBBohed  in  distilled  water 'Waa 
liit  with  the  hypodermic  §yriiige. 

g  were  rapidly  manifested.    A  tube  bad  been 
Iced  Jato  the  trachea,  and  reapiratiaD  was  commenced 
was  majifest. 

3TI,  M'itli  oxygen  contained  in  a  large  bag,  waa  steadily 
■lira,  but  with  no  better  effect  than  in  other  similar 
Ipheric  air  waa  used  for  the  same  purpose.  At  the 
1,  apparent  death  had  occurred ;  the  heart  con- 
Ibout  two  minutes  after  the  respiration  ceased. 
IHorid  condition  oi  the  blood,  there  'was  no  obvious 
I  the  effect  of  oxygen  and  that  of  common  air.  It  did 
■  as  the  effects  produced  by  the  poison  were 
|ed  in  its  action  from  common  air. 

E-rjierinient  XXX. 
[-X  little  cobra-poison,  dissolved  in  water,  was  added  to 
(  cells  scraped  from  the  mantle  of  a  freshwater 
§  a  Lw^e  ciliated  cell,  which,  before  the  addi- 
I  had  been  been  moving  slowly,  although  its  cilia  were 
Lmmpdiately  after  the  additloa  of  the  poison  the  cell 
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ExptrimaaXXSm. 

A  litUe  dilate  oobn-poison  wm  added  to  a  piece  of  tlie  mantle  of  a  fresh- 
water  moBsel.  The  cilia  began  immediately  to  move  much  more  rapidl;-. 
Thia  was  watched  for  some  time.  Qliarj  motion  not  affected,  or  at  all 
erentfl  not  arretted,  after  more  than  half  an  hour. 

EejtermeniXSXLV. 

Daeemher  lOtA,  1874. — A  piece  of  the  gills  of  a  freshwater  mnsad 
placed  under  the  microsct^  and  a  little  cobra-poison  added  at  10.40  sx. 
llie  dlia  were  extremely  active. 

At  10.55  still  active. 

11.6.  Several  ciliated  amoeboid  masses  are  now  quiet  instead  of  rolling 
over  and  over  as  they  did,  but  the  cilia  on  their  surface  are  still  moving. 

11.16.  The  alia  on  these  Infusoria  have  now  nearly  all  stopped.  A 
few  are  moving  slowly,  whilst  those  on  the  gills  ore  but  little  affected. 

11.66,  Cilia  on  the  gills  are  still  quite  active.  Those  on  the  ciliated 
bodies  still  moving,  rather  more  actively  than  before. 

1.30.  Cilia  on  gills'have  become  much  more  sharply  outlined.  Many 
are  standing  still,  though  many  still  move  briskly. 

Ex^penmttit  XXXV. 
To  another  specimen  a  strong  solution  of  cobra-poison  was  added  at 
10.50. 

1.30.  Cilia  still  moving. 

firpmmmi  XXXVL 

A  tiiird  spedmen  was  laid  in  an  almost  syrupy  solution  of  dried  cobi»' 
p<HB(m  at  11.28. 

At  11,40  no  effect  abserrahle. 

1.30.  Some  have  stopped,  but  numbers  are  still  moving  quite  briskly. 

In  tiiis  case  the  poison  seemed  not^  to  have  any  action  on  the  ciliuy 
motion. 

Exptriinent  XXXVU. 

JoHuari/  6iA,  1876. — At  3,40  some  diluted  cobra-poison  added  to  Vat- 
Utntria.  Circulation  going  on  vigorously.  About  -^  grain  iu  three 
drops  of  water. 

3.68.  The  movements  are  unchanged. 

6  p.u.  Movements  going  on  as  before. 

Experiment  XXXTUI. 
Added  some  solution  of  cobra-poison  at  4  p.m.  to  another  specimen  of 
VaJiieneria, 
4.10.  Ko  change. 

4.46.  Circulation  goes  on  vigorously. 
4.56.  Perhaps  rather  less  brisk  in  their  movements. 


1 
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Letter  from  Mr.  S.  Mallet.                   [Feb.  25, 
SI?  experiments  show  that  cobra-virus  must  be  regar- 

lovementa  in  Infusoria*  (vide  Eiperiments  XiX., 
ug).     Still  it  cytunot  be  regarded  certainly  as  a  very 
lO  cilia  of  tbe  freshwater  mussel  continued  to  move 
i  strong  solution  of  cobra-poison ;  though  in  other 
ion  was  apparently  arrested  uven  in  weaker  Bolu- 
.     In  tbe  case  of  cilia  from  the  frog's  mouth,  the 
ifinite,  but  action  wos  not  invariably  destroyed.     The 
of  the  poison  on  the  amceboid  movements  of  the 
not  very  definite.     In  the  case  of  Vi^tiimeria,  the 

>i9on  for  two  hoars. 

February  25, 1875. 
ON  HOOKER,  C.B.,  Prcaidcnt,  in  the  Chair. 

'ived  wero  laid  on  the  table,  and  thanks  ordered  for 

■mmumi'ittion  from  Mr.  Er>biTt  Mnlli't.  F.R.^..  was 
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SQ  importmt  record  for  reference  in  the  future  progreBB  of  Beiemology, 
I  luTe  thought  it  desirable  that  it  Bhould  be  presented  to  the  Boyal 
Society,  with  a  view  to  it  being  preserved  in  the  Archives  of  the  Society ; 
and  I  would  beg  to  be  informed  whether  the  Council  may  think  fit  to 
accept  the  deposit. 

I  remtuD,  dear  Sir, 

Truly  yours, 

BOBERT  M*IT-ET. 

The  thanlcB  of  the  Society  were  given  to  Mr.  Mallet  for  his  valuable 
FroBent. 

The  foUowing  Paper  was  read : — 

"Oa  the  Integration  of  Algebraical  Fonctions,  with  Illos- 
tratioDB  in  Mechaoics."  By  W.  H.  L.  BctssslLj  F.R.8. 
KeceiTod  December  17,  1874. 

(Abstract.) 

The  profound  researches  of  WeierstraaB,  of  Bdemnnn,  of  Clebsch,  and 
Gordan  on  the  higher  integrals  have  of  late  attracted  the  attention  and 
been  the  admiration  of  mathematicians ,  There  is,  however,  this  differ- 
ence between  these  researches  and  the  correBponding  invcBtigatiDns  in 
elUptdc  fonctions — in  the  latter  we  investigate  the  propertiea  of  the  inte- 
grals themselvea  \  in  the  former  we  investigate  the  properties  of  certain 
differmfol  e^nationa,  involving  theso  integrals,  and  with  more  than  one 
Tariable.  How  the  values  of  the  integrals  themselves  are  to  be  found 
from  these  equations  is  difficult  te  see,  and  at  all  events  must  be  a  subject 
of  enormous  complexity.  Accordingly  it  becomes  desirable  to  ascertain, 
if  poflsible,  a  more  simple  method  of  evaluating  the  integrals  themselves. 
This  is  what  I  have  attempted  in  the  first  section  of  this  paper.  I  express 
the  Talnea  of  irrational  algebraic  quantities  by  means  of  linear  differential 
equations  with  rational  coefficients,  and  then  express  their  integrals  by 
means  of  converging  series. 

In  the  second  section  I  consider,  to  a  certain  extent,  the  inverse  pro- 
blem— ^namely,  to  ascertain  under  what  circumstances  linear  differential 
eqnationi  of  the  second  order  are  satisfied  by  irrational  functioDS.  This 
problem  I  have  already  considered,  although  in  an  incomplete  manner,  in 
the  Proceedings  of  the  Soyal  Society. 

In  &e  third  section  I  illustrate  the  principles  enunciated  in  the 
firrt  section  by  the  solution  of  dynamical  problems.  I  show  that 
the  principle  of  vis  viva  enables  ns  to  resolve  these  problems  to  a  great 
extent  by  means  (A  hypereUiptic  functions  and  the  higher  transcendents. 

Altogether  I  venture  to  hope  that  the  memoir  which  I  have  the 
hononr  to  lay  before  the  Society  will  be  read  with  interest  by  matbema- 
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jecture  was  delivered  by  Prof.  W.  G.  Adams, 
.,  "  On  the  Forms  of  Equipotential  Curves  and 
Liues  of  Electric  Force."     The  following  is  an 

ains  an  account  of  certain  expcrimentAl  verifications 
rical  distribution  in  space  and  in  a  plane  conducting 

any  point  of  an  unlimited  plane  sheet  due  to  a  charge 
'  other  point  of  the  piano  at  distance  r  from  it  is  pro- 
larithm  of  the  distance,  and  the  potential  due  to  two 
different  points  of  the  plane  is  the  aura  of  the  poten- 
eral  charges  ;  so  that  when  there  are  hfo  points  in  a 
leet  connected  with  the  poles  of  a  battery,  as  there 
dewing  at  those  two  points,  one  info  and  the  other 
he  potential  at  any  point  of  the  sheet  is  proportional 

tho  logarithms  of  its  distances  from  the  two  points 

the  current  enters  and  leaves  the  sheet, 
.'onstant  for  a  series  of  points  if  Ihe  difference  of  the 
ialances  of  each  of  those  points  from  the  electrodes 
.  (?.  if  the  ratioof  the  distances  of  each  of  those  points 
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The  forms  of  the  eqoipotential  curves  may  be  traoed  oat  experiment 
tsllj  hy  attaching  two  battery-electrodes  to  a  disk  of  tinfoil,  and  haying 
two  similar  electrodes  attached  to  a  delicate  galvanometer ;  one  of  these 
electrodes  being  fixed  at  a  point  through  which  the  equipotential  curve  is 
to  be  drawn,  the  other  may  be  moved  from  point  to  point  to  trace  out  the 
successive  points,  so  that  no  current  may  pass  through  the  galvanometer. 
A  comparison  of  the  experimental  results  with  the  theory  shows  a  com- 
plete agreement. 

In  a  large  square  sheet  310  millims.  in  diameter,  with  the  electrodes 
126  millims.  apart,  the  curves  in  the  centre  and  near  the  electrodes, 
which  are  drawn  by  pricking  fine  holes  through  the  tinfoil  on  a  sheet  of 
paper  below,  are  very  accurately  circular,  and  mostly  coincide  with 
drcles,  untU  the  points  are  so  far  from  the  centre  that  the  form  of  the 
equipotential  curves  is  affected  by  the  edge  of  the  disk.  In  a  circular  disk 
with  the  electrodes  on  the  edge  subtending  60^  at  the  centre,  the  experi- 
mental curves  are  shown  to  be  accurately  arcs  of  circles,  with  their  centres 
on  the  line  joining  the  electrodes. 

In  an  unlimited  sheet,  when  there  are  several  electrodes  by  which 
currents  enter  and  leave  the  sheet,  the  potential  at  any  point  is 


A  log  (r44i^A 


where  r,  r',  r"  .  . .  are  the  distances  to  the  electrodes  of  one  kind,  and 
r„  r/,  r/'  are  the  distances  to  the  electrodes  of  the  other  kind.  Taking 
the  case  of  one  positive  electrode  at  the  centre  and  four  negative  elec- 
trodes round  it  at  the  comers  of  a  square,  the  curves  are  traced  and  are 
seen  to  be  the  same  as  the  curves  at  the  comer  of  a  square  sheet  with 
a  positive  electrode  at  the  corner  and  two  negative  electrodes  on  the 
edges ;  the  curves  are  also  the  same  for  a  square  sheet  with  a  positive 
electrode  at  the  comer,  and  one  negative  electrode  along  the  diagonal. 
The  equation  for  these  equipotential  curves  is 

and  is  derived,  in  the  case  of  the  limited  sheets,  by  considering  that,  to 
every  electrode  on  the  limited  sheet,  there  corresponds  an  equal  and  like 
electrode  at  each  of  the  electrical  images  of  that  electrode  formed  by  the 
edges  of  the  sheet.  If  we  trace  the  curves  for  this  arrangement  of  elec- 
trodes in  the  unlimited  sheet,  the  edges  of  the  limited  sheet  will  be  some 
of  the  lines  of  force  ;  and  so  we  may  divide  the  sheet  along  these  edges, 
without  altering  the  form  of  the  equipotential  curves.  Where  an  elec- 
trode and  its  images  coincide  in  position,  the  index  of  r  is  equal  to  one 
more  than  the  number  of  images. 

When  there  are  four  electrodes,  two  of  each  kind  on  an  unlimited 
sheet,  an  equipotential  curve  is  given  by  the  equation 


rr'sicr^  r/, 
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1^  lie  oil  a  c'ikAh,  and  the  complete  quadrilateral  be  draws 
he  circleB  which  have  their  centres  lit  the  intereectiona  of 
'  the  quadrilateral,  and  which  cut  the  first  circle  at  right 
1  cut  one  another  at  right  angles.  One  of  these  circles 
in  equipotential  curve  for  the  four  electrodes,  and  the 
F  force. 

cut  the  unlimited  sheet  along  the  edge_  of  this  latter 
lOt  alter  the  forms  of  the  equipotential  curves  ;  and  within 
one  electrode  of  each  tind,  the  others  being  their  electric 
!uct  of  the  distances  of  an  electrode  and  its  image  from 

equal  to  the  square  of  the  radius  of  the  disk.  If  on 
le  edge  of  the  disk,  then  the  electrode  and  ita  imago  coin- 
uation  to  the  equipotential  curre  is 

die  is  at  the  edge  and  the  other  is  at  the  centre  of  % 
nee  the  electric  image  of  the  centre  is  at  an  infinite 
latioQ  to  the  equipotentiol  curves  is 

ho  odge  of  the  disk  at  right  angles.    The  currea  around 
e  disk  are  nearly  elhpaea  of  small  eccentricity,  with  one 

1876.]  Equg>atenHal  Curves  and  Surfaces,  tfc.  288 

dnothig  Hqaidttnd  placing  two  pointB,  the  ends  of  two  covered  wires,  for 
iMittery-electrodeB,  at  a  given  depth  in  the  liquid  and  away  from  the  sides 
and  ends  of  the  vessel,  taking  similar  covered  wires,  immersed  to  the 
same  depth,  for  galvanometer-electrodes. 

For  two  electrodes,  the  equipotential  surfaces  will  be  surfaces  of  revo- 
lation  around  the  straight  line  joining  them,  and  so  will  cut  any  plane, 
drawn  tiirough  this  straight  liue  or  axis,  everywhere  at  right  angles. 

Hence  we  may  suppose  sections  of  the  liquid  made  along  such  planes 
without  altering  the  forms  of  the  equipotential  sur&ces.  This  shows 
that  we  may  place  our  battery-electrodes  at  the  side  of  a  rectangular  box 
containing  the  liquid,  and  with  the  points  only  just  immersed  below  the 
sur&oe  of  the  liquid;  and  the  equipotential  surfaces  will  be  the  same  aa  if 
the  liquid  were  of  unlimited  extent  in  every  direction  about  the  elec- 
trodes. 

We  shall  obtain  the  section  of  the  equipotential  surface  by  taking  for 
galvanometei^lectrodes  two  points  in  the  surface  of  the  liquid,  keeping 
one  fixed  and  tracing  out  points  of  equal  potential  with  the  other. 

The  potential  at  any  point  in  space,  due  to  two  equal  and  opposite 
electrodes,  is 


ic^-i} 


where  r  and  r^  are  the  distance  of  the  point  from  the  electrodes ;  so  that 
for  an  equipotential  surface 

=  constant. 

These  surfaces  are  cut  at  right  angles  by  the  cur\'es  cos0— cos^sc, 
which  are  also  the  magnetic  lines  of  force,  6  and  ^  being  the  angles 
which  the  distances  from  the  electrodes  make  with  the  axis.  That  the 
lines  of  force  in  a  vessel  of  finite  size  should  agree  with  the  lines  of  force 
in  space,  the  form  of  the  boundary  of  the  vessel  in  a  plane  through  the 
axis  should  everywhere  be  a  line  of  force ;  but  the  ends  of  a  rectangular 
vessel  cmncide  very  closely  with  certain  lines  of  force,  either  when  the 
electrodes  are  at  the  ends,  or  when  there  are  two  electrodes  within  the 
vessel,  and  two  supposed  electrodes  at  their  electrical  images  at  an  equal 
distance  outside  the  ends  of  the  vessel. 
The  equipotential  surfaces  are  given  in  this  case  by  the  equation 

1^111  .     . 

-  +  -,  — r=constant, 

r      r      r^     r^' 

and  the  lines  of  force  by  the  equation 

cos  6+ cos  Cj— cos^— cos  ^^=c» 

The  curve  for  which  €^^2  coincides  very  closely  \idth  the  ends  of  the 
box. 

The  equipotential  surfaces  were  traced  out  in  sulphate  of  copper  and  in 
sulphate  of  zinc  by  the  following  method : — 

7.^ 
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n-as  taken,  and  the  batt«ry-«lectrode3  attached  to 

h  could  be  clamped  at  the  ceutre  of  the  end  of  the 

e  brought  to  any  required  point  in  the  line  joining  the 

I  the  end  of  the  boi.     The  galvanometer-electrodee  were 

iocca  which  rest  on  the  ends  and  ^ide  of  tho  box,  and 

e  electrodes  waa  read  off  by  a  mill  1  metre-scale  placed  on 

8  of  the  box. 

fe-of-coppor  experiments,  covered  wire  with  the  end  ex- 

Krscd  to  half  the  depth  of  the  liquid ;  in  Ihc  eiperimenta 

e  zinc  electrodes  were  just  immersed  below  the 

liquid.     The  close  coincidence  between  the  experimental 

lilt  and  the  theoretical  curves  and  surfaces  in  space  ia 

Bpitriaon  of  the  numbers  given  in  the  paper  for  several  of 

1  been  traced  out ;  it  also  shows  that,  by  reversing 

Itely,  it  is  easy  to  keep  the  polarization  ^ery  small, and  of 

n  the  galvanometer-electrodes. 
Ictrodes  are  parallel  lines  extending  throughout  the  depth 
k  eqiii potential  aurfaces  are  cylindrical,  and  their  sections 

to8(*-r'.  ..)— (logr,r,'...)=logc, 

positive  and  Bcvcral  negative  electrodes,  r  .r' 

[1  the  points  where  the  elfclroJes  cut  the  plane 
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mice,  rabbits,  goineapigs,  cats,  dogs,  and  man ;  but  as  the  effects  were 
found  to  be  similar  in  all  of  these  instances,  the  majority  of  the  obsenra- 
tions  were  made  on  rabbits.  After  having  noted  the  effects  of  chinoline, 
we  next  studied,  by  the  same  method,  the  action  of  hjdrochlorates  of  the 
bases  distilling  off  at  higher  temperatures,  including  such  bases  as  lepidine, 
dispoline,  tetrahiroline,  &c.  We  then  examined  the  pyridine  series,  begin- 
ning with  pyridine  itself,  and  passing  upwards  to  bases  obtained  at  still 
higher  boiling-points,  such  as  picoline,  lutidine,  &c.  Lastly,  the  investi- 
gation was  directed  to  the  action  of  condensed  bases,  such  as  dipyridine, 
parapicoline,  &c ;  and  the  effects  of  these  substances  were  compared  with 
tiiose  produced  by  the  members  of  the  chinoline  series  and  among  them- 
selves. So  far  as  we  could  observe,  there  was  no  difference  as  regards 
physiological  action  between  bases  obtained  from  dnchonine  and  others 
got  from  tar. 

II.  Phtsiological  Efteots  op  HrDBocHLOEATE  OF  Cbtsollscb 

(C,H,NHC1). 

The  administration,  by  subcutaneous  injection,  of  1|  grain  for  every 
1  pound  of  weight  into  a  healthy  rabbit  produced  the  following  effects : — ^In 
four  or  five  minutes  the  animal  appeared  to  become  drowsy,  was  unwilling 
to  move ;  but  when  pushed,  locomotion  was  not  affected.  Both  the  pul- 
sations of  the  heart  and  the  respiratory  movements  were  slightly  increased 
in  frequency  at  this  stage.  The  drowsiness  increased,  and  in  a  few 
minutes  more  the  animal  sank  on  its  abdomen  and  remained  motionless, 
with' the  eyes  widely  opened.  It  was  now  gently  turned  over  on  its 
back  or  side,  and  it  remained  in  that  unnatural  position.  Still  later, 
there  was  complete  ansesthesia.  At  no  period  was  there  any  h3rper- 
Asthesia.  Beflex  functions  were  also  in  abeyance  so  far  that  they 
conld  not  be  excited  by  pinching  or  pricking,  but  irritation  by  a 
Paradic  current  caused  feeble  movements.  The  animal  appeared  to  be 
unconscious  of  loud  sounds.  The  pupil  was  normal  as  regards  size, 
and  it  contracted  readily  when  exposed  to  a  strong  light.  The  reflex 
movements  of  the  eyelid  were  not  lost  until  the  animal  was  in  a  state  of 
deep  stupor  from  an  overdose.  The  respirations  were  now  much  fewer  in 
number,  and  of  less  depth  than  normal.  The  heart  etill  acted  vigorously, 
but  the  pulsations  were  decreased  in  number  by  about  one  sixth.  After 
remaining  motionless  in  that  condition  for  a  period  of  three  or  perhaps 
four  hours,  the  rabbit  slowly  recovered,  raised  its  head  from  the  table, 
began  to  move  about,  and  frequently  ate  food  placed  before  it.  It 
recovered  completely  from  the  dose  above  indicate,  without  any  bad 
symptom  supervening.  A  dose  of  2  or  2J  grains  per  pound  weight  was 
usually  lethal.  If,  at  the  end  of  three  hours,  the  animal  showed  no  indi- 
cations towards  recovery,  it  apparently  sank  in  a  state  of  profound  insen- 
sibility, the  heart-pulsations  became  feebler,  and  the  respirations  more 
and  more  shallow,  until  they  were  barely  perceptible.     Deatk  ^T^^\)d^ 
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The  temperature  of  the  body  fell  6°  to  8°  below 

kainination  of  the  body,  made  immediately  after  death, 

lir;  appearaocea  : — (1)  The  vessels  on  the  surface. of 

\v)mt  congested  ;  the  substance  of  the  brain  itself  did 

l-rease  of  vascularity ;  (2)  the  lungs  were  congested, 

e  borders ;  (3)  the  heart  was  in  a  state  of  diastole 

loured  blood  ;  (4)  the  veins  in  the  mesentery  and  the 

e  intestine  were  tnurh  congested  ;  (5)  the  liver  showed 

g-liko  congestioDB,  indicating  congestion  of  the  portal 

Idneys  and  other  abdominal  and  pelvic  viscera  were 

'O;  and  (7)  the  urine  in  the  bladder  contained  no 

ntoms  and  post  mortem  appearances,  and  from  special 
Ipnt,  we  draw  the  foUoning  conclusions  regarding  the 
|rate  of  chinoline. 

a  Sifiteni. — The  action  is  chiefly,  if  not  altoge- 
iTiitres,  and  not  on  the  nen-es  or  on  their  peripheral 
a  the  sciatic  nen*e  is  irritated  by  very  feeble  Foradic 
s  no  diminution  of  sensibility,  and  the  muscles  aup- 
I  contract  with  apparently  their  normal  energy.  The 
Billed  by  hydrochlorate  of  chinoline  show  ail  the  pro- 
"llained  from  a  non-poisoned  animal.  The  sympathetic 
Bnot  usually  affected  to  nny  appreciable  extent,  a 
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been  obtenred  in  several  experiments  that  strychnine,  subcutaneously  in- 
jected into  a  rabbit  prostrate  with  hjdrochlorate  of  chinoline,  is  followed 
by  its  nsual  physiological  effects.  It  appears,  therefore,  that  the  sab- 
stance  acts  chiefly  on  the  sensory  and  motor  centres  in  the  cerebral 
hemispheres,  weakening  or  removing  all  consciousness  of  external  im- 
pressions and  also  all  voluntary  acts. 

2.  Action  on  the  Bespiraiory  and  Circulatory  Systems, — In  the  first  in- 
stance the  action  of  the  heart  and  the  respiratory  movements  are 
increased,  but  afterwards  they  are  much  diminished,  and  death  appears 
to  be  the  result  of  these  processes  becoming  weaker  and  weaker,  until 
they  cc»se  altogether.  The  increased  action  observed,  at  first,  is  probably 
due  to  the  excitement  of  the  animal  consequent  on  the  injection  of  fluid 
beneath  the  skin.  So  soon  as  the  substance  acts  through  the  blood  on 
the  nerve-centres,  the  action  of  both  systems  is  weakened.  We  regard 
this  weakening  as  due  to  an  action  on  an  encephalic  centre,  for  the  two 
following  reasons: — first,  because  irritation  of  the  sympathetic  and 
pneumogastric  nerves  in  the  neck  of  a  rabbit,  completely  under  the 
influence  of  hydrochlorate  of  chinoline,  produces  acceleration  and 
retardation  of  the  heart's  action  respectively,  as  occurs  in  a  healthy 
animal ;  and  secondly,  when  the  heart  of  a  frog  was  treated,  according 
to  Coats's  method,  with  serum  containing  3  per  cent,  of  chinoline,  no 
effect  was  observed.  These  experiments  seem  to  indicate  clearly  that  the 
substance  acts  on  the  encephalic  centres,  and  through  them  on  the  heart 
and  respiratory  organs.  The  action  of  the  heart  finally  ceases,  probably 
by  its  textures  being  supplied  with  only  venous  blood. 

3.  Action  in  lowering  the  Temperature  of  the  Body. — It  was  found,  in 
three  instances  in  which  minute  differences  of  temperature  were  observed 
at  intervals  of  one  minute,  during  a  period  of  one  hour  before  and  one 
hour  after  the  subcutaneous  injection  of  hydrochlorate  of  chinoline,  that 
the  substance  produced  a  gradual  and  uniform  fall  of  temperature  to  the 
extent  of  from  six  to  eight  degrees  below  the  normal.  In  all  of  these 
instances  the  animal  recovered  from  the  effects,  and,  during  recovery,  the 
temperature  slowly  rose  to  its  normal  limit.  This  action  we  regard  as  of 
considerable  importance.  It  is  probably  to  be  explained  by  interference 
with  nutritional  changes  between  the  blood  and  the  tissues,  and  also  by 
the  diminution,  both  in  frequency  and  depth,  of  the  respiratory 
movements. 

ni.  Acnov  or  Htdbochlobatss  of  the  Higheb  Bases  of  the 

CniNOLnfE  Series. 

1.  Bases  obtained  by  distillation  between  200^  and  280^  C. 

Lepidine  4*<?.,  C^o  ^»  ^' 
These  bases  produced  the  same  general  action  as  chinoline,  with  the 
exceptions  (1)  that  the  dose  required  to  produce  a  state  of  complete 
stupor  was  somewhat  smaller  than  in  the  case  of  chinoline,  and  (2)  that, 
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)or  had  been  produced,  the  auimal  was  less  likely  in 
i  observed  that,  frequently,  before  death,  there  were 
other  of  the  limbs  and  convulsive  twit^hings  about 

IHspoUne  ^c,  Ci,  H„  K 
y-ed  that  the  symptoms  following  subcutaneous  injec- 
'ly  diSereut  from  those  of  chinoline.     Oue  grain  for 
■  the  rabbit  [iroduced,  in  about  five  minutes,  apparent 
iide  movements  of  the  head,  *-ith  a,  tendency  occa- 
kwards.     This  eoudition  continued  for  three  or  four 
auimal  lay  flat  on  its  abdomen  with  its  legs  out- 
several  instances  there  were  c-ompulsive  tHitchinga 
ig  of  the  teeth,  and  a  slight  tendency  to  opisthotonos, 
smaller  than  in  the  case  of  chinohne.     The  effects 
in  appearing,  and  they  had  more  of  a  spinal  than  of 

'es  oUained  hy  distillation  al.oiie  300°  C. 
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more  inTolyed  as  we  proceed  upwards,  until,  in  the  highest  group,  we 
have  subttanoes  produdng  powerful  convulsions. 

3.  The  lethal  dose  is  smaller  for  the  higher  than  for  the  lower  mem- 
bers of  the  series, 

« 

lY.  AonoK  OF  Htbrochlobates  of  the  Bases  nr  the 

Pybidine  Series. 

The  physiological  action  oi^  the  bases  of  the  pyridine  series  was  next 
examined  in  the  following  order : — 

1.  Pyridine,  C,  H,  N. 

The  hydrochlorate  of  this  base  produced  no  effects,  even  in  doses  of 
6  grains  per  pound  weight,  other  than  slight  excitement  and  acceleration 
of  the  piQse  and  of  the  respiratory  movements.  The  animal,  judging 
from  its  gait  and  demeanour,  appeared  to  be  in  a  state  analogous  to  in- 
toxication.   It  recovered  without  any  bad  effects. 

2.  PicoUfu,  C,  H,  N. 

The  substance  was  employed  both  in  the  form  of  the  base  dissolved  in 
water  and  as  a  hydrochlorate.  The  salt  was  found  to  be  more  active 
physiologically  than  the  base,  but  the  kind  of  action  was  the  same.  The 
general  effect  was  to  produce,  with  a  dose  of  3  grains  per  pound  weight, 
in  the  first  place,  general  excitement  and  a  full  bounding  pulse.  This 
state  was  followed  by  a  drowsy  condition,  which  did  not  pass,  with  even 
a  dose  of  6  grains  per  pound  weight,  into  complete  stupor.  The  rabbit 
could  always  be  readily  aroused.  While  in  the  drowsy  condition,  the 
pulse  fell  in  frequency  and  volume,  and  the  respirations  became  feebler*. 

3.  Xu^icitne,  C,H,N. 

The  effects  were  similar  to  those  produced  by  picoline,  only  more 
marked.  A  dose  of  3  grains  per  pound  weight  produced  deep  stupor, 
from  which  the  animal  could  not  be  aroused.  It  remained  in  this  con- 
dition for  a  period  of  from  two  to  three  hours.  The  pulsations  of  the 
heart  were  much  reduced  in  volume,  but  only  slightly  in  frequency ;  but 
it  was  clearly  observable  that  the  respirations  were  much  less  deep  than  in 
the  natural  condition,  and  they  were  reduced  in  frequency  by  about  one 
third.  In  a  case  of  death  from  a  lethal  dose  of  4  grains  per  pound, 
there  was  venous  congestion  in  all  parts  of  the  body,  but  the  heart  was 
still  feebly  pulsating.  It  was  observed  that  the  blood  had  a  peculiar  dark 
chocolate-brown  appearance.  Examined  with  the  spectroscope,  it  showed 
the  two  bands  of  oxyhaBmoglobin. 

*  The  results  we  haye  obtained  differ  considerably  from  those  described  by  H.  Vohl 
and  H.  Eulenberg  in  their  paper  on  the  "  Physiological  Action  of  Tobacco  when  used 
as  a  Narcotic,  with  especial  reference  to  the  Constituents  of  Tobacco-Smoke/'  Archiy 
Pharm.  [2]  olrii.  190-1G6. 
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4.  CoHirf.V,  C.H„K. 
IS  still  more  active  in  its  efEecte.     With  a  dose  o£  IJ  grain 
eight,  the  animal  rapidly  eaiik  into  a  state  of  profoiiuJ 
i-hich  it  could  not  be  aroused,     Anwstheaia  was  complete. 
1  of  the  heart  and  the  respirations  became  more  and  more 

I  of  failure  of  respiration.     There  were  no  twitching*  or 

mine  nas  followed  by  the  usual  physiological  effects  of  that 

jhfr  Pyridine  BaseM  ahlaintd  hy  distillation  above  200°  C, 

found  to  be  stiil  more  active ;  hut  the  effects  were  of  the 
9  those  just  described.     The  lethal  dose  was  found  to  be 
raiu  per  pound  weight.  In  two  or  three  minutes  the  animal 
Jomen  ;  when  pushed  could  mo\-6  with  difficulty  ;  respira- 
)id  and  irregular.     It  then  lay  on  its  side,  and  in  four  or 
ied,  apparently  in  an  asphyxiated  condition.     There  were 
epaams  or  twitchingB.     This  substance  was  lethal  in  much 
than  the  lower  bases  of  the  chinoline  series, 
e  series  of  compoicids  thus  showed  a  gradual  increase  in 
lysiological  action.      The  lowest  gf   the  scries  produred 
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Tiolently  conyulsed.  The  convulsions  continued,  almost  without  intermis- 
sion, for  three  or  four  minutes,  when  death  ensued.  So  far  as  could  be 
observed,  consciousness  was  not  lost  until  immediately  before  death.  The 
character  of  the  convulsions  resembled  that  of  those  produced  by  cinchonine 
or  quinine,  except  that  the  tendency  to  backward  movements,  with  the 
fore  legs  extended,  was  not  so  marked  ;  they  also  resembled  those  pro- 
duced by  salts  of  the  higher  members  of  the  chinoline  series,  but  they 
were  more  severe  than  in  the  latter.  The  hydrochlorates  of  two  con- 
densed bases  of  this  kind  were  employed — the  first  made  from  pyridine, 
and  the  other  &om  picoline.  The  formulsB  for  these  are : — hydrochlorate 
of  dipyridine,  C^q  H^^  N,  2HC1 ;  and  hydrochlorate  of  dipicoline,  or  para- 
picoline,  Cj^  H,^  N^  2HC1.  The  latter  was  found  to  be  the  more  active 
of  the  twOf  but  the  actions  were  identical  in  character. 

VI.  Genebal  Conclusions. 

1.  There  is  a  marked  gradation  in  the  extent  of  physiological  action  of 
the  members  of  the  pyridine  series  of  bases,  but  it  remains  of  the  same 
kind.  The  lethal  dose,  however,  becomes  reduced  as  we  rise  from  the 
lower  to  the  higher. 

2.  The  higher  members  of  the  pyridine  series  resemble,  in  physiological 
action,  the  lower  members  of  the  chinoline  series,  except  (1)  that  the  for- 
mer are  more  liable  to  cause  death  by  asphyxia,  and  (2)  that  the  lethal 
dose  of  the  pyridines  is  less  than  one  half  that  of  the  chinolines. 

3.  In  proceeding  from  the  lower  to  the  higher  members  of  the  chino- 
line series,  the  physiological  action  changes  in  character,  inasmuch  as  the 
lower  members  appear  to  act  chiefly  on  the  sensory  centres  of  the  ence- 
phalon  and  the  reflex  centres  of  the  spinal  cord,  destroying  the  power  of 
voluntary  or  reflex  movement ;  while  the  higher  act  less  on  these  centres, 
and  chiefly  on  the  motor  centres,  first  as  irritants,  causing  violent  con- 
vulsions, and  afterwards  producing  complete  paralysis.  At  the  same 
time,  while  the  reflex  activity  of  the  centres  in  the  spinal  cord  appears  to 
be  so  far  inactive  as  not  to  be  excited  by  pinching  or  pricking,  it  may  be 
readily  roused  to  action  by  strychnine. 

4.  On  comparing  the  action  of  such  bases  as  Q  H,  N  (chinoline)  with 
Cg  H„  N  (parvoline),  or  C^  H„  N  (collidine)  with  C^  H,,  N  (conia  from 
hemlock),  or  C.^^  H^^  N^  (dipyridine)  with  C^^  Hj^  N^  (nicotine  from  to- 
bacco), it  is  to  be  observed  that,  apart  from  differences  in  chemical  struc- 
tare,  the  physiological  activity  of  the  substance  is  greater  in  those  bases 
containing  the  larger  amount  of  hydrogen. 

5.  Those  artificial  bases  which  approximately  approach  the  percentage 
composition  of  natural  bases  are  much  w  eaker  physiologically,  so  far  as 
can  be  estimated  by  amount  of  dose,  than  the  natural  bases ;  but  the  kind 
of  action  is  the  same  in  both  cases. 

6.  When  the  bases  of  the  pyridine  series  are  doubled  by  condensation, 
producing  dipyridine,   parapicoline,   &c.,  they  not  only  Vy^coma  Taot^ 

TCL.  ixm.  2  K 
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I-hIIt,  but  the  iictioii  differs  in  kind  from  that  of  the 
|d  rF'^etnblea   the  actiou   of  natural  bases  or  olkaloidfl 

ti^ly  Biniilar  chemical  composition. 

Btances  exambed  in  this  reaearch  are  remarkable  for  not 

Specific  parnlytic  action  on  the  heart  likely  to  cause 

y  destroy  life,  in  lethal  doses,  either  by  exhaustive  con- 

idual  paralysia  of  the  centres  of  respiration,  thus  caus- 

limmodiate  action  on  the  sympathetic  system  of  nerrea, 
1  probably  a  secondary  action,  because,  after  large  doses, 
Intre,  in  common  with  other  centres,  becomes  involved. 
I  appreciable  difference  between  the  physiological  action 
|ned  from  cinchona  and  those  derived  from  tar. 

J  action  of  the  substitution  derivatives  of  these  sub- 
■lated  in  a  further  commumcation. 
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ivpd  were  laid  on  the  table,  and  thanks  ordered  for 


1876.] 


On  the  Tides  of  the  Arctic  Seas, 


299 


Squire  Thornton  Stratford  Leckj, 

Lieut.  E.N.E. 
Robert  M'Lachlan,  F.L.S. 
Bichard  Henrj  Major. 
Jolin  William  MaUet,  Ph.D. 
G^rge  Strong  Nares,  Capt.  B.N. 
Eobert  Stirling  Newall,  F.R.A.S. 
Oliver  Femberton. 
David  Simpson  Price,  Ph.D. 
William  Boberts,  M.D. 
WHliam  Chandler  Eoberts,  F.C.S. 
William  Eutherford,  M.D. 
Henry    Young    Darracott    Scott, 

Major-General,  C.B. 


Harry  Govier  Seeley. 
Joseph  Sidebotham. 
John  Spiller,  F.C.S. 
Bobert  Swinhoe. 

George  James  Symons,  V.P.M.S. 
Sir  Henry  Thompson,  F.B.C.S. 
Thomas  Edward  Thorpe,  Ph.D. 
Charles  Todd  (Obs.,  Adelaide). 
Edwin  T.  Truman,  M.B.C.S. 
Wildman  Orange  Whitehouse,  C.E. 
Thomas  Alexander  Wise,  M.D. 
Archibald    Henry    Plantagenet 

Stuart  Wortley. 
Sir  Matthew  Digby  Wyatt,  Knt. 


The  following  Papers  were  read : — 

I.  ''  On  the  Tides  of  the  Arctic  Seas.— Part  VI.  Tides  of  Port 
Kennedy,  in  Bellot  Strait,  in  July  1859.^^  By  the  Rev, 
Samuel  Haughton,  M.D.  Dublin,  D.C.L.  Oxon.,  F.R.S., 
Fellow  of  Trinity  College,  Dublin.      Received  January  20, 

1875. 

(Abstract.) 

These  observations  were  made  on  board  the  yacht  *  Fox,'  under  the 
command  pf  Sir  Leopold  M*CHntock,  during  his  successful  search  for 
the  remains  of  the  Franklin  Expedition. 

The  heights  of  the  tide  were  observed  every  hour  during  23  days,  and 
the  results  obtained  were  extremely  interesting. 

The  tides  of  Port  Kennedy  are  remarkable  for  two  points : — 

1,  The  magnitude  of  the  diurnal  tide. 

2.  The  solar  diurnal  tide  is  greater  than  the  lunar  diurnal  tide. 

The  following  tidal  constants  have  been  successfully  determined : — 

I.  DiTTBKAL  Tide. 
Solar  Diurnal  Tide, 

1.  Age     Unknown. 

2.  True  SoUtidal  Interval 6M2"  7i\ 

3.  Coefficient 23*4  inches. 

Lunar  Diurnal  Tide, 

[V    4M4|»(time). 
^'  ^^® I  4     6   20i    (height). 

2.  True  Lunitidal  Interval 0^  33"  60'. 

3.  Coefficient I  i^lj^"^^' It^^^' 

123-37    „      Oeig\l^:^^, 


e  Value  of  a  certain  Definite  Integral.       [Mar.  4 

II.    SEMIDIUBSiiTlDE. 

litidal  Interval 23"  48"  I'. 

tcil  ratio  of  Solar  and  1   9"       f  0-412  inch  (he^ht). 
ar  Coefficients    JIT'^lo-MS    „    (time). 

Jie  Value  of  a  certain  Definite  Integral."      By 
ER,  M.A.,  F.R.S.,  Honorary  Fellow  of  St.  John's 
abridge.     Received  February  13,  1875. 

-e  r^geadre'a  coefficient  of  the  order  m,  and  P.(j')that  * 

the  coaeia  which  m=n;  for  it  is  an  established  result 
he  integral  taken  between  the  limits  —  1  and  1  is  then 

id  the  value  between  the  limits  0  and  1  will  be  half  of 

e  now  that  m  and  ii  aro  different. 

it 
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is  that;  in  which  one  of  these  quantities  is  even  and  the  other  odd.    Put, 
then,  2m  for  m,  and  2n— 1  for  n ;  thus  we  have 

{2m(2m  +  l)-(2n-l)2n}  V  V^(a^)F^^(x)da: 

-  {p-.(')^>-p-(«)%fc'}„. 

Then  by  (1)  we  obtain  finally 

{2m{2m+l)-(2n-l)2n}  r  P,^(a;)  P^.,(ar>ia? 

^/     ix.»^»^'3.5..(2m-l)     1.3...  (2n-l) 
"^     ^^  2  .  4  . .  2w         '2.4..  (2n-2)  ' 

This  formula  will  be  found  to  include  the  results  which  are  given  in 
the  Philosophical  Transactions  for  1870,  pages  579-587. 
February  11, 1875. 


III.  "  On  the  Determination,  at  Sea,  of  the  Specific  Gravity  of 
Sea-water."  By  J.  Y.  Buchanan,  Chemist  on  board  H.M.S. 
'  Challenger.'  Communicated  by  Prof.  Wyville  Thomson, 
F.R.S.     Received  January  22,  1875. 

(Abstract.) 

In  the  investigation  of  the  physical  condition  of  the  ocean  the  accu- 
rate determination  of  the  specific  gravity  of  the  water  holds  a  first  place. 
The  tolerably  numerous  observations  which  have  been  made  in  this 
direction,  in  a  more  or  less  connected  manner,  are  sufficient  to  prove  that 
the  density  of  the  water  varies,  not  only  with  the  latitude  and  longitude, 
but  also  with  the  distance  from  the  surface  of  the  source  from  which  it 
is  taken.  This  difference  of  density  depends  partly  on  an  actual  differ- 
ence in  saltness,  and  partly  on  a  difference  in  temperature  of  the  water. 
The  amount  of  effect  due  to  each  of  these  causes  can  be  precisely  stated 
when  we  know  the  effect  of  one  of  them,  the  sum  of  the  effects  of  the 
two  being  given  by  our  observations.  Hence,  to  determine  the  saltness, 
we  eliminate  the  effect  of  temperature  by  reducing  the  results  to  their 
value  at  one  common  temperature.  It  is  also  necessary  that  the  means 
of  obtaining  the  water  should  be  of  a  reliable  character.  In  estimating, 
therefore,  the  trustworthiness  of  the  results,  we  must  consider,  first,  the 
means  used  for  collecting  the  water ;  second,  those  used  for  determining 
the  relation  between  its  weight  and  volume ;  third,  the  determination  of 
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Hid  fourth,  the  reduction  of  the  results  to  their  ralue 
l>erature.     These  divisionB*  of  the  subject  are  treated 

water  are  collected  eitherin  au  ordinary  canvas  bucket 

rfiuv  or  from  depths  below  it.     The  use  of  the  ordinary 
*  no  eiphiuation.     WLen  water  is  to  be  obtained  from 
"  slip "  water-bottle   is  used.      This   instrument  la  a 
1,  improved  by  Dr.  Meyer,  of  Kiel,  who  without  doubt 
id  by  Messrs.  Milne,  of  Edinburgh,  who  furnished  tboee 
'  Challenger.' 
ormediato  depths  is  obtained  in  a  much  lighter  instru- 

liicli  this  is  an  abstract.     In  principle  it  consists  of  a 

xkB  are  turned  are  connected  by  a  straight  rod,  so  that 
lously  either  open  or  shut,  or  at  least  at  the  same  phase 
hut.     When  wat«r  is  to  be  collected  by  its  means,  the 
■ued  and  the  instrument  sunk  to  the  required  depth, 
lualy  securely  fastened  toa  sounding-line.    Theopyra- 
ist  tw  carried  oa  without  a  check,  owing  to  the  pccu- 
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siderable  delicacy  is  necessary  for  recording  them.  As  far  as  I  have 
hitiierto  been  able  to  observe,  they  lie  between  the  extremes  1*02780  and 
1*02400 ;  the  results,  therefore,  to  be  of  any  value,  must  be  correct,  at 
least  to  one  in  the  fourth  decimal  place.  In  mentioning  these  extremes, 
it  must  be  observed  that  they  refer  to  oc^n-waters,  and  not  tp  the  mix- 
toies  of  fresh  and  salt  water  to  be  found  in  bays  and  estuaries,  where 
waters  of  all  degrees  of  saltness  may  be  found.  The  instrument  selected 
was  the  hydrometer ;  and  the  purpose  which  it  was  to  serve  being  of  so 
very  special  a  nature,  I  preferred  to  have  a  special  instrument  made  for 
it,  to  making  use  of  the  hydrometer  ordinarily  supplied  by  the  instrument- 
maker.  It  has  a  large  body  and  fine  stem,  the  relation  in  size  of  the  one 
to  the  other,  and  the  absolute  size  of  both  of  them,  having  been  deter- 
mined beforehand  by  calculation,  so  as  to  obtain  the  requisite  delicacy. 
It  is  evident  that,  for  a  hydrometer  of  given  size,  in  the  measure  that  its 
d^cacy  is  increased  its  range  is  diminished.  In  determining  the  specific 
gzaviiaes  of  sea-waters  both  great  delicacy  and  considerable  range  are 
required ;  the  latter  is  secured,  without  detriment  to  the  former,  by  the 
application  of  the  principle  of  Nicholson's  hydrometer.  In  the  paper  of 
which  this  is  an  abstract,  the  construction,  calibration,  and  method  of 
observing  the  instrument  are  minutely  described  and  illustrated  by  a 
drawing.  The  description  of  the  instrument  is  briefly  as  follows  : — The 
stem,  which  carries  a  millimetre-scale  10  centimetres  long,  has  an  out- 
side diameter  of  about  3  millimetres,  the  external  volume  of  the  divided 
portion  being  accurately  0*8607  cubic  centimetre ;  the  mean  volume  of 
the  bod][  is  160*15  cubic  centimetres,  and  the  weight  of  the  glass  instru- 
ment is  160*0405  grammes.  With  this  volume  and  weight  it  floats  in 
distilled  water  of  16°  C.  at  about  the  lowest  division  (100)  of  the  scale. 
In  order  to  make  it  serviceable  for  heavier  waters,  a  small  brass  table  is 
made  to  rest  on  the  top  of  the  stem,  of  such  a  weight  that  it  depresses 
the  instrument  in  distilled  water  of  16^  C.  to  about  the  topmost  division 
(0)  of  the  scale.  By  means  of  a  series  of  six  weights,  multiples  by  1,  2, 
3,  4,  5,  and  6  of  the  weight  of  the  table,  specific  gravities  between  1  and 
1*03400  can  be  observed.  It  is  not  necessary  that  these  weights  should 
be  accurate  multiples  of  the  weight  of  the  table ;  it  is  sufficient  if  they 
approach  it  within  a  centigramme  and  their  actual  weight  be  known 
with  accuracy.    The  weights  of  the  table  and  weights  in  actual  use 


are: — 


Weight  of  table 0*8360  gramme. 

Weight  of  weight  No.  1 0*8560 

n 1*6010 

III 2*4225  grammes. 

IV 3*2145 

V 4*0710 

VI 4*8245 


>9 


»> 


» 


»> 


»> 


>> 


» 


» 


»» 


» 


i^^^l^^l 
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ra  the  hydrometer  is  alwaya  used  with  the  table  and 
■  No,  V.  weight, 

hanical  part  of  the  couatructioii  of  the  instrument  was 
'  eiception  of  the  closbg  of  the  top  of  the  litem  (which, 
eued  into  a  funnel-shape  large  enough  to  receive  the 
line  \(eigh(s),  the  caHbration  of  the  8t«ni  was  effected  by 
nith  successive  weights,  and  obaerring  the  consequent 
itiUetl  waterof  known  temperature.     This  done,  the  top 
Tid  the  iustrumeut  carefully  weighed.     The  expansion 
temperature  was  determined  in  a  simUar  manner  by 

insion  of  the  glass  was  then  found  to  be  0-000028  per 

instrument  at  aea  about  900  cubic  centimetres  of  wat«r 
e  containing  cylinder  placed  on  a  swinging  table,  in  a 
he  centre  of  the  ship  as  possible.     The  observation  with 
loaded  with  the  necessaj-y  table  and  weight,  is  then 
diuary  way,  the  accuracy  of  the  readings  being  but  little 
C ;  pitching,  however,  is  found  to  have  a  distinctly  dis- 
it,  when  it  is  in  any  way  violent,  it  is  adrisable  to  store 
ivaler  tUl  the  weather  improves.     The  precautions  to  be ' 
ng  these  observations  at  sea  must  be  sought  for  b  the 
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bit  ttteoij  of  oceanic  dfculation,  owing  to  difference  of  density  ot  the 
watw  in  its  different  parts,  he  found  the  want  of  informatitm  on  tJiis 
important  subject.  At  hin  request,  the  late  Frofeasor  Hubbard,  <rf 
the  National  Obserratory,  U.S.,  instituted  a  series  of  experiments,  from 
which  he  waa  enabled  to  lay  down  a  curve  of  the  volumes  of  sea-water  at 
all  temperatures,  from  considerably  below  the  freedng-point  to  mudi 
above  what  obtuns  even  in  tropical  atmospheres.  The  results  are  pub- 
liabed  in  Uaury's  '  Sailing  Directions,'  185U,  vol.  i.  p.  237,  and  have  evi- 
dently been  carried  out  with  great  care.  The  composition  of  different 
oceanic  waters  varieB,  even  in  extreme  cases,  within  such  close  limits,  that 
the  law  of  thermal  expansion  is  sensibly  the  same  for  all  of  them ;  of  this 
Hubbard's  experiments  afford  satisfactory  proof.  In  the  Table  which  gives 
the  results  of  all  his  experiments  he  takes  the  volume  of  water  at  60°  F. 
as  his  unit.  In  order  to  avoid  much  useless  calculation,  I  have  been  in 
the  habit  of  reducing  my  results  to  the  same  temperature  (15°-58  C), 
while,  for  a  like  reason,  I  have  retained  the  specific  gravity  of  distilled 
water  at  4°  C.  as  the  unit.  The  choice  of  a  common  temperature  to 
which  the  results  should  be  reduced,  and  of  a  unit  of  specific  gravities,  is 
a  purely  conventional  matter ;  and  in  choosing  the  above-mentioned  ones, 
in  the  first  instance  I  was  moved  solely  by  a  desire  to  save  calculation. 
For  every  water,  however,  there  is  one  temperature  to  which  it  would  bo 
natttral  to  reduce  its  specific  gravity — namely,  the  temperature  which  the 
water  had  when  in  its  place  in  the  ocean ;  and  in  this  sense  ail  my  results 
during  the  cruise  have  been  reduced.  Hubbard's  Table  of  the  change  of 
vcdume  of  a  mass  of  sea-water  with  change  of  temperature  enables  na 
very  easily  to  reduce  any  observed  specific  gravity  from  the  temperature 
of  observation  to  any  other  temperature,  say  15°-56  C.  In  the  paper 
it  is  transcribed  from  the  '  Sailing  Directions.'  In  the  following 
Table  the  volumes  for  every  Centigrade  d^:Tee  from  —  1°  C.  to  +  30°  C. 
are  given : — 

Table  I. 


-s.^ 

Volume. 

■.. 

Yolume. 

-y 

TolumB. 

'-p- 

Tolunw. 

-1 

0*9792 

., 

09B853 

+1S 

0-99087 

+23 

1-00194 

0 

795 

8 

866 

16 

I-OOOIO 

24 

224 

+1 

799 

9 

87S 

17 

034 

25 

256 

2 

804 

10 

893 

18 

059 

26 

288 

3 

812 

11 

910 

19 

086 

27 

320 

4 

620 

12 

927 

20 

III 

28 

352 

5 

830 

13 

947 

21 

137 

2ft 

385 

6 

840 

14 

907 

22 

164 

30 

420 
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;ravity  of  a  sea-water  be  Found  to  be  y',  at  a  t«iiiper&- 
the  volume  found  in  the  above  Table  corresponding 
ill  have,  for  the  value  of  the  specific  gravity  reduced 

r  observed  specific  gravity  y",  at  the  same  tempera- 

Lo'-oti  C, 

^"="y". 

ftagular  coordinates,  let  observed  specific  gravitieB  be 
axis  of  y,  and  reduced  ones,  on  the  same  scale,  along 
have  then  two  points  (vjf'.y)  and  (vy",  y"),  and  the 

Light  Une  passing  through  them  is 

1 
y=  -  .r. 

i   through   the  origin  aud  makes  an  angle  tan  -  - 
By  giving  to  f  the  successive  values  found  in  the 
Ferent  temperatures,  we  can  draw  a  system  of  lines 
1  the  origin,  and  each  one  representing  the  relation 
c  grarity  of  different  sea-waters  at  15°-56  C.  and  at 
of  observation  (.     If  the  values  of  v  have  been  taken 
ontigrade  within  the  limits  of  the  above  Table,  then 
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aa  14°  C,  16°  C,  and  so  forth.  In  order  to  reduce  T«BuItfl  from  their 
nine,  the  unit  being  water  at  4°  C,  to  their  value  the  specific  gravi^  of 
distilled  water  at  anj  other  temperature  being  uaity,  it  is  only  necessary 
to  diride  the  result  by  the  specific  gravity  of  distilled  water  at  this  tom- 
pentore,  the  unit  being  water  at  4°  C.  Let  x'  be  the  specific  gravity  of 
a  sea-wnter  reduced  to  15°'5S,  and  let  it  be  required  to  convert  it  into  ita 
value  when  the  unit  is  water  at  f°.  Let  e  be  the  specific  gravity  of  dis- 
tilled water  at  (,  that  at  4°  C.  being  unity,  we  have  then  for  the  apecifio 
gravity  with  new  unit 

y'=-a^  or  j/=cy'. 


Similariy,  if  any  other  water  be  taken  of  tl 
ite  value  at  Iff'-Se  C,  water  at  (°  being  i 


e  specific  gravity  y  at  IS*! 
aity,  will  be 


And;  just  as  before,  we  get  the  general  equatioi 
which,  when  tie  origin  is  the  point  (a,  a),  is 
1     ,     \-e 


to  a  system  of  lines. 


-(2) 

Now  in  Table  I.  the  eitreme  values  of  v  are  0-1)9792  and  100420,  and 
for  temperatures  below  22°  C.  the  extreme  values  of  c  are  0-99789  and  1. 
For  any  value  of  e,  between  thoae  eitremes,  the  line  expressed  by  equa- 
tion (2)  must  coincide  with  one  represented  by  equation  (1).  By  com- 
paring, then,  the  values  of  u  in  Table  I.  with  those  of  c  in  any  Table  of 
the  expansion  of  distilled  water,  the  lines  which  represent  spedfic 
gravities  at  15°'56,  their  unit  being  wat-cr  at  any  temperature  (,  may  be 
found  which  correspond  to  isothermals  represented  by  equation  (1).  Por 
inBbuice,the  value  of  c  for  IS'-SG  is  0-99910,  and  in  Table!,  the  value  of 
•  for  11°  C.  is  also  0-99910.  For  these  values,  then,  equations  (1)  and  (2) 
represent  identical  lines.  Hence,  to  reduce  any  observed  specific  gravity 
to  its  value  at  15°-56  C,  water 
at  15°-56  C.  being  unity,  the  same 
conatmctiou  is  made  as  fo 
docingtp  11°C.,  the  unit  rei 
ing  tite  same ;  only  the  int« 
tion  of  the  line  parallel  ti 
oxiB  of  y  with  the  isothenr 
11°  C.  is  taken,  and  the  ord 
of  the  point  is  the  specific  gr 
at  IS^-Se  C,  water  at  la°-i 
being  iinity. 

In  a  precisely  similar  mai 
we  find  the  equation  to  thi 
thermal  for  specific  gravitie 
dnced  to  any  temperature  t,  waxer 


'  the  Specific  Gravity  of  Sea-water.           [Mar.  4, 

■  ('  beiug  unity,  to  be 

^11°  C.   we  have  t.=0-99910,   c=0-99966,  whence 

■  in  Table  1. 0-99878  ia  tbe  ^-alue  of  v  for  the  isothermal 
lo  reduce  observed  spedfic  gravities  to  their  values  at 
"  C.  being  unity,  is  equivalent  to  reducing  it  to  9"  C, 
g  unitj',  the  iBothermal  for  which  is  given  in  the  chart. 
pie,  let  the  specific  gravity  of  a  water  be  observed  at 
■o  be  1-0247.     Finding  1-0247  on  the  axis  of  y,  we 
le  line  A  B  parallel  to  the  axis  of  a'.     Through  the 
.  with  the  ifiothermai  for  20°  C,  the  line  C  D  is  drawn 
of  y.    The  ordinates  of  its  points  of  intersection  with 
ills  are  the  apedfic  graiitiea  at  these  temperatures, 
Z  unity  ;  they  are  at  15°-56  1-02575  (both  by  the  intei^ 
^^thermal  and  with  the  axis  of  x),  at  11°  1-026C5.  and 
hen  the  unit  is  the  specific  gravity  of  distilled  water 
ific  gravity  at  15°-50  is  1-02665,  or  the  same  as  at  11°, 
<•  unity.     When  tbe  specific  gravity  of  distilled  wat«r 
the  specific  gravity  at  11°  C.  ia  l-02fi85,  or  the  aame 
later  at  A°  is  unity. 

.e  of  the  truiae  a  considerable  number  of  waters  have 
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March  11,  1875. 

JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presenta  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read  ; — 
I.  "On  Traumatic  Inflammation  of  Connective  Tissue."     By  G. 
Thin,  M.D.     Communicated  by  Professor  Hdilbv,  Sec.  R.S. 
Received  February  6,  1875. 

(Abstract.) 

The  author,  referring  to  observations  recorded  in  bis  previous  papers, 
distinguisbes  In  the  cornea  primary  bundles  of  fibrillary  tissue,  which  are 
covered  by  elongated  fiat  cells,  layers  of  quadrangular  flat  cells  (which 
are  analogous  in  appearance  and  relative  position  to  the  layers  of  cella 
described  by  him  as  investing  the  secondary  and  tertiary  bundles  of 
tendon),  and  the  stellate  cells.  To  these  he  now  adds  a  description  of 
parallel  chains  of  spindle  cells,  each  cell  having  two  processes,  one  at 
each  end  of  the  spindle,  by  which  it  is  joined  to  ita  fellows  on  either  side. 
These  cells  are  coextensive  with  the  comea-substance,  and  are  present  in 
every  interspace  of  the  primary  bundles,  and,  consequently,  layers  in 
different  planes  cross  each  other  at  an  angle. 

They  can  be  occasionally  seen  in  thin  vertical  sections  of  the  fresh 
frog's  cornea,  treated  in  osmic  acid ;  and  from  such  preparations  a  cell 
with  its  terminal  processes  can  be  sometimes  isolated.  They  are  more 
easily  seen  in  similar  sections  which  have  been  15-30  minutes  in  half 
per  cent,  solution  of  chloride  of  gold  and  then  sealed  up  in  concentrated 
acetic  acid  and  examined  24-48  hours  afterwards. 

They  have  no  anatomical  continuity  with  the  stellate  cells. 

In  the  fresh  frog's  cornea  examined  entire  in  serum,  the  structure, 
looked  at  through  the  anterior  epithelium,  can  be  seen  to  be  broken  up 
by  clefts,  the  borders  of  which  have  a  double  contour.  These  clefts 
ezt«nd  from  the  epithelium  to  a  varying  depth  into  the  fibrillary  tissue. 
They  are  arranged  sometimes  concentrically,  and  sometimes  in  waving 
lines  which  give  off  branches  which  are  narroiver  as  they  approach  the 
centre  of  the  cornea.  The  double-contoured  borders  are  not  parallel  to 
the  median  plane  of  the  cornea,  and  can  be  traced  only  by  changing  the 
focus. 

From  the  esiatence  of  these  clefts  the  author  infers  a  division  of  the 
comea-substance  into  compartments  equivalent  to  the  secondary  and 
tertiary  bundles  of  tendon. 

lu  infiammation  the  clefts  are  much  widened,  and  their  finer  ramifica- 
tiona  become  visible.    In  preparations  of  infiamed  Gonie&  dJfiet^oLX.  tiwA.% 
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e  bounded  by  the  clcftB  are  coloured  of  different  shadeB 
the  difference  affecting  the  fibrillary  tissue,  and  more 

Itonts  of  the  interspaces  of  the  Inflamed  cornea  differ 
I  those  of  the  healthy  cornea,  inaamuch  as  the  former 
uitly,  the  dark  granular  substance,  which  reaultB  from 
e  chloride  of  gold. 

inflammation  (after  a  few  hoars)  the  disten- 

I  spaces  between  the  primary  bundles  and  of  the  wider 

spaces  betn-een  the  lamelliB,  corresponding  to  the 

urs  the  action  of  chloride  of  gold ;  and  preparatioDB 

led  by  this  reagent  which  show  that  the  two  kinds  of 

respective  surfaces  are  arranged  after  the 

|ielium.     The  cells  thua  seen  cau  be  identified  by  their 

mgement  as  those   which  are  isolable  from  the 

1  saturated  solution  of  caustic  potash,  and  which 

liarations  sealed  up  in  aqueous  humour. 

1  occasionally  permits  the  demonstration  of  the 
I  secondary  bundles  of  tendon. 

Bful  gold  reaction,  in  such  cases,  is  probably  due  aolely 
iuterapacos,  is  inferred  from  the  fact  that,  in  the 
hieh  have  died  from  disease  and  have  been  some 
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op  in  btood-oeram,  the  latter  method  being  found  more  certain  to  give 
krailttble  prapantions. 

The  onlj  appearance  obsetred,  anterior  to  a  complete  deBtmction  of 
the  cell,  'waa  a  dirision  of  the  nucleui  into  two  or  more  parts.  In 
■nrun  preparations  the  products  of  the  division  assumed  the  form  of 
ciicles  of  highly  refractive  particles.  Similar  particleB  were  sparsely 
scattered  in  the  substance  of  the  cell. 

The  area  of  any  one  circular  product  of  this  division  was  always  much 
emaller  than  that  of  the  undivided  nucleus. 

In  regard  to  the  st«Uate  cells,  the  author  questions  the  correctneM  of 
the  accepted  theory,  which  implies  an  identity  of  the  cell  and  its  pro- 
ceeses  with  the  Tieible  protoplasm.  He  considers  that  the  refractive 
partaclea,  which  conatitnte  what  la  visible  in  the  ceUular  protoplasm,  are 
mspended  in  a  fluid,  similarly  to  the  pigment-granules  in  the  pigment- 
eeUs  aa  described  by  Mr.  Lister.  The  phenomenon  described  by  German 
investigators  u  "  Zusammenballeu  "  of  the  cell-processes,  he  attributes 
to  a  collection  of  the  protoplasmic  particles  in  the  centre  of  the  cell, 
mmilar  to  that  which  takes  place  in  concentration  of  pigment.  This 
opinion  is  borne  out  by  a  comparison  of  gold  and  osmic-acid  prepara- 
tions. In  conditions  in  which,  by  the  former  process,  an  isolated  glo- 
bular body  is  seen,  osmic-acid  preparations  show  that  the  anastomosis  of 
the  thread-like  processes  remains  complete.  Beasoning  analogically  from 
the  results  obtained  by  gold  in  other  tissues,  he  infers  that  it  is  what 
may  be  described  as  the  contents  of  the  cell  and  processes  which  stain  by 
that  method. 

Treatment  by  osmic  add  is  the  only  reliable  method  by  which  he  has 
obtained  satisfactory  preparations  showing  the  stellate  cells  in  the  in- 
flamed cornea.  The  advantages  of  this  mode  of  treatment  are  much 
enhanced  by  subsequent  staining  with  red  aniline,  which  especially  differ- 
entiatee  the  protoplasm  and  processes.  Subsequent  staining  by  heema- 
toxylin  renders  the  nuclei  visible. 

The  only  change,  except  that  of  destructive  disintegration,  observed  by 
the  author  as  a  consequence  of  inflammation  in  the  stellate  cells,  consists 
in  the  anastomosing  processes  being,  in  gold  preparations,  occasionally 
represented  by  fine  du-kly  stuned  lines,  on  which  are  a  series  of  small 
globular  swellings  placed  at  short  regular  intervals,  giving  any  one  pro- 
cess an  appearance  identical  with  that  presented  by  an  ultimate  nerve- 
fibriUa  in  a  gold  preparation.  The  same  appearance  is  also  to  be  seen  in 
oemio-acid  preparations,  and  is  suggestive  of  points  of  communication 
between  the  lumen  of  the  process  and  the  intfirfibrillary  space.  (This  is 
the  only  form  in  which  the  author  has  seen  the  processes  of  the  stellate 
cells  in  inflamed  comeffi  in  gold  preparations.  They  are  usoally  invisible 
by  that  process.) 

Appearances  indicative  of  a  dividing  nucleus  were  rarely  seen,  uid 
thtii  interpretation  is  doubtful.    Both  in  reepect  to  th»  Traideoa  v^^Oa^ 
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ite  cells  are  the  most  stable  of  all  the  cellular  elemeuls 

.-ern  of  the  superSeial  corneal  epithelium  a  network  of 
■  seen  in  serum  preparations  of  inflamed  cornea.    Indi- 
cells  can  be  seen  in  gold  and  hiemat-oiylin  prepara- 

the  cells  of  this  network  show  a  very  great  increase 
1  with  their  appearance  in  health, 

stages  :— 

laed  in  amount,   and  that  the  cell-processes  can  be 
This  stage  can  be  obsen-ed  after  twelve  hours'  ioflam- 
roin  slight  caut«ri;tation  in  a  winter  frog.   The  swelling 
ia  oft«Q  confined  tn  one  or  more  tracte  of  the  come*. 
leutioQcd  clefts  separating  the  area  of  this  appearance 
tirmal  eomoa.     The  area  extends  from  the  neighbour- 
ized  part  towards  the  iimbus. 

K  of  the  protoplasm  extends  along  the  processes  from 
;r,  a  chain  of  spindle  cells  being  often  represented  by 
irotoplaem  on  which  there  are  very  slight  constrictions, 
iplics  to  osmic-ftcid  preparations.     Deep  stidning  with 
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oertunly  in  oanuc-add  prepantions.  They  are  found  in  groups  in  the 
wider  spaces,  in  rows  in  the  nerre-channels  and  between  the  primary 
bundles  (corneal  tubes  of  Bowman),  and  in  lai^  numbers  in  the  tracts 
between  the  larger  bundles.  They  are  mostly  round,  sometimes  clnb- 
shaped,  never  pointed  at  two  extremitiea  as  an  elongated  shuttle-shaped 
maaa  (that  is,  never  apind«lformig,  gpiesaartig).  A  small  minority  con- 
net  of  a  double  body  formed  by  two  rounded  globular  masses  joined  by 
a  smooth  isthmus.  When  stained  by  hiematoxyliu,  nuclei  are  found  in 
cither  end,  but  not  in  the  isthmus.  The  author  infers  that  we  have  here 
a  corpuscle  in  process  of  division. 

In  rabbit-comeie,  in  which  inflammation  has  lasted  about  a  week,  some 
white  corpuscles  are  seen  with  uneven  contour ;  and  bulging  outwards 
from,  or  lying  close  beside,  them  are  bodies  evidently  nuclear,  and  which 
are  affected  by  osmic  acid  and  subsequent  staining  with  red  aniline,  in  ft 
manner  identical  with  the  red  blood-corpuscles  seen  in  blood-vessels  in 
the  same  preparation.  The  identity  of  the  escaped  nuclei  with  red  blood- 
corpuscles  is  shown  by  a  comparison  of  their  respective  size,  evenness, 
colour,  and  contour. 

The  author  infers  a  productiou  of  red  blood-corpuscles  in  inflammation 
from  the  nuclei  of  the  white  blood-cells. 

In  observations  on  human  blood,  and  that  of  the  mouse,  by  staining 
with  hiematozylin,  he  has  found  that  while  the  great  majority  of  the  red 
corpuscles  do  not  quickly  stain  in  a  weak  solution,  there  are  some  which 
at  once  stain  a  deep  blue,  and  that  there  are  white  corpuscles  in  which 
a  narrow  protoplasmic  margin  encloses  a  deep  blue  nucleus  similar  in  con- 
tour and  si/e  to  the  stained  red  corpuscles.  Amongst  the  red  corpuscles 
of  the  frog  are  a  minority  which  are  recognized  as  being  red  corpuscles 
by  their  size,  smooth  contour,  and  absence  of  granulation,  but  in  which 
there  is  no  htemoglobin,  and  the  nucleus  quickly  stains  blue  in  solution 
of  hiBmatozylin,  like  that  of  the  white  cells. 

Transitions  occur  in  which  a  less  and  less  capacity  of  staining  on  the 
part  of  the  nucleus  takes  place,  paripcam  with  an  increase  in  the  colour 
characteristic  of  bsmc^lobin  in  the  body  of  the  cell.  In  the  fully  deve- 
loped red  corpuscle,  the  nucleus  stains  only  after  it  has  been  for  some  time 
in  contact  with  a  weak  solution  of  hematoxylin. 

The  author  has  observed  in  the  blood  of  the  mouse  f(etus  the  nuclei 
of  the  nucleated  red  blood-cell  escape  from  the  larger  cell,  and  then  b&> 
come  indistinguishable  in  form  and  appearance  from  the  small  red  cor- 
puscles of  the  mature  animal  present  in  the  blood  under  examination. 

These  observations,  taken  in  connexion  with  the  bodies  that  are  formed 
in  the  spindle  cells  and  white  corpuscles  in  inflammation,  support,  as  the 
author  believes,  the  doctrine  of  Wharton  Jones,  in  regard  to  the  forma- 
tion of  the  red  blood-corpuscles. 

The  mode  of  formation  of  capillary  blood-vessels  he  believes  to  be 
identical  in  inflamed  and  i^  ftetal  tissue.    In  studying  t\aa  «M^i^»ftiV% 

VOL.  xxin.  %  "a 
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1  advant*gea  from  tho  use  of  osmic  add,  with  or  without 
ing  in  htematOKylin.     The  stages  in  this  formation  are 

le  colls  enlarge  and  contain  several  nuclei  which  can  be 
within  the  cell,  as  being  of  a  similar  nature  to  red  blood- 
iirrenl  of  blood-jilasma  from  the  nearest  vessels  passes,  at 
ilo  the  interCbrillary  space  in  which  the  spindle  cells  lie. 
L  escape  from  the  spindle  cells  into  this  space,  whers 
guiahable  in  appearance  from  the  ordinary  red  blood- 

pss  of  diapedesia  the  formed  elements  of  the  nearest 
s  into  this  space  and  the  circulation  is  established.               • 
ranc<s  lead  the  author  to  suppose  that  tho  fibrine  of 
fiea  on  the  outer  surface  of  tho  current  and  forms  tha 
e  new  vessel,  and  on  this  substratum  tho  white  blood- 
mselves  and  spread  out  as  an  epithelium. 

uns  actively  taking  place,  the  author  has  isolated  white 
oils  transition  stages  towards  the  appearance  and  shape 
d,  from  rajiidly  enlarging  vessels,  cells  which,  from  their 
to  be  trausitionary  to  that  of  smooth  muscular  fibre. 
miliary  forms,  the  enlarged  spindle  cells  decrease  to  their 
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The  tim«  wd  pYea  by  a  chronometer  mftrked  "  Wiren  34,"  whidi  was 
lent  to  me  bf  the  celebrated  aetronomer,  William  Dollen,  of  Pulkowa. 

At  18*  40"  M.  T.  the  auD  rose  clear  and  brilliant  over  the  eostom  range 
<d  the  AtatnaD  hills  on  the  vallef  of  the  NUe  under  very  farourable  con- 
ditions ot  aky  and  atmosphere,  more  so  on  this  occasion  than  on  any 
other  morning  during  oar  stay  of  20  days  at  Luxor.  The  first  glance 
showed  us  the  image  of  the  planet  Venus  on  the  son's  disk  in  the  pre- 
dicted place,  making  progress  in  her  path  across  the  sun  to  the  point 
of  egress. 

At  the  first  observation  the  borders  of  the  planet  appeared  jagged  and 
ill-defined,  but  as  the  altitude  increased  she  presented  a  dark  disk,  clearly 
defined  on  the  sun.  When  the  time  of  internal  contact  approached,  the 
edge  of  the  planet  and  the  limb  of  the  sun  were  both  very  distinct,  and 
fiivourable  for  making  accurate  observations. 

When  the  moment  of  internal  contact  drew  near,  I  gave  my  utmost 
attention  for  observing  the  appearance  of  the  block  drop  ;  but  I  could  not 
detect  it,  though  I  could  perceive  ndth  great  nicety  the  instant  of  con- 
tact. The  margin  of  the  sun's  limb  and  that  of  Venus  were  most  clearly 
defined  to  my  vision. 

Immediately  after  internal  contact  a  bright  illumination  manifested 
itself  on  the  emerged  part  of  Venus ;  this  light  continued  bordering  on  the 
cusp  for  about  three  fourths  of  the  time  between  internal  contact  and 
external  contact  at  egress. 

The  following  are  the  times  shown  by  chronometer  for  contacte  and 
phenomena : — 

Time  at  internal  contact 20  01  02-5 

Cusp  of  Venua  illuminated 20    200 

I  Venus  emerged,  cusp  illuminated 20    7  25 

Light  on  right  side  of  cusp  became  brighter  . .  20    8  00 

Ijght  on  left  side  became  fainter 20  15  00 

Light  at  time  of  Venus's  ^  emergence 20  15  30 

Illumination  diminishing 20  17  00 

Illumination  disappeared 20  20  00 

I  Venua  emerged 20  24  00 

Time  of  external  contact  at  egress 20  20  25 

I  must  remark  that  I  found  it  a  matter  of  considerable  difficulty  to 
note  the  precise  instant  of  the  last  or  external  contact  at  egress,  as  the  in- 
dentation  became  soeztremelyslighttowardsthe  planet  making  final  egress. 
The  error  of  the  chronometer  was  estimated  to  be  very  nearly 
+  15"  02^0  by  preliminary  calculation;  hence  the  times  of  contact  by 
my  observations,  corrected  for  mean  time  at  Luxor,  will  stand  thus ; — 

Internal  contact  at  egress 20  16  04-6 

d  contact  at  ^ress 20  44:27-0 
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0  in  tlie  sli&de  at  sunriBe  was  63°  F.,  afid  a£t«r  traoait 

QBod  by  me  on  this  occaaioa  was  constructed  by  Fraiin-         • 
.:  halvea  of  the  object-glasa  was  used,  the  line  of  eepara- 
mul  1o  the  sun's  limb  at  the  point  of  contact,  in  order 
■it  distortion  of  image  in  the  direction  of  the  common 
wo  objects.     The  focal  length  of  the  instrument  ia 
.English),  the  aperture  3  inches,  and  the  power  used 

,-  \\as  situate  about  half  a  mile  to  the  southward  of 
41'  40"  N.,  as  determined  by  Wm.  Dolleo  and  Pro- 
!  in  longitude  2"  10"  22*  E.,  as  filed  by  Mahmoud  Bey 
jf  the -valley  of  the  Nile. 

ly  Abstract  of  Approximate  Mean  Results  with 
IjIo  I'ciidulumB  Noa.  4  and  1821,  in  continuation 
■act  published  iu  vol.  xis.  of  the  Proceedings."   By 
J.  Heavisiue,  R.E.     Commuuieated  by  Profeasor 
.  K.S.     Received  February  15,  1875. 
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flter  and  Mr.  A.  Q.  Dew-Smith  on  the     [Mar.  18, 

March  18,  1875. 
jTON  HOOKEB,  C.B.,  President,  in  the  Chair. 

^ceived  were  laid  on  the  table,  and  thaoka  ordered  for 

'aperB  were  read  : —                                                                  ' 

:!iaviour   of  the   Hearts  of  Mollusks  under  the 
Electric  Currents."     By  Dr.  M.  Fostkb,  F.R.S., 
"Jew-Smith,  B.A.,  of  Trinity  CoUege,  Cambridge. 
ibmary  1,  1875. 

?n  shown  by  Dr.  Foster  (Pfluger'a  'Archiv,'  vol.  v.  p.  191) 

J  current  applied  directly  to  the  heart  of  the  common 

m  the  body)  «-ill  cause  an  arrest  of  the  rhythmic  beat, 

ig  ill  diastole, 

I  thus  produced  are  altogether  similar  to  those  seen 

jt^ear^^nhjbjtjiMj^timul^^ 

1876.]     IffiMenet  qf  EUetrieity  on  the  Hemrtt  of  MoUuika.      810 

Our  nasona  for  klwaya  remomg  the  heart  from  the  body  tre  u 
followB : — 

The  movemeuta  of  the  heart  cannot  be  accurately  observed  in  lita  imleM 
ttie  overlying  thin  integuiaeDt  is  divided  and  the  pericardial  chamber  laid 
open.  Ad  looii  aa  this  is  done  the  beats  are  »een  to  become  very  irre- 
gnlar.  Every  movemeat  of  the  body  influences  the  flow  of  blood  to  and 
from  tiie  heart,  and  every  marked  change  in  the  flow  afiects  the  forcQ 
and  rhythm  of  the  beat ;  hence  observations  like  those  we  are  about  to 
record  wotdd  be  impossible  with  the  heart  in  situ. 

We  have  been  unable  to  find  any  nerve  in  the  body  stimulation  (tf 
wfaicli  would  inhibit  the  heart  in  the  same  way  as  stimulation  of  the 
pneumc^astric  does  the  vertebrate  heart. 

By  removal  of  the  heart  from  the  body,  therefore,  we  lose  nothing 
essential. 

A  graphic  record  of  each  heart-beat  would  of  course  be  impossible. 
In  order  to  obtain  a  satisfactory  register  of  our  observations,  wa 
adopted  the  follovring  plan.  One  of  ua  acting  as  observer,  and  watching 
the  heart  through  a  microscope  (50  to  100  diameters),  aignalled,  by  the 
sudden  make  and  break  of  a  constant  current,  each  beat  of  ventricle  op 
auricle,  or  of  both.  The  make  and  break  were  recorded  by  a  magnetic 
marker,  as  was  also  the  application  oE  the  stimulus,  on  a  travelling- 
paper,  on  which  seconds  were  at  the  same  time  being  marked.  In  this 
way  a  little  practice  enabled  us  to  register  with  tolerable  accuracy  the 
rhythm  <^  the  beat,  though  we  could  not,  of  course,  record  the  force  or 
character  of  each  pulsation. 

Most  of  our  observations  were  directed  to  the  ventricle,  and  in  our 
remariu  we  have  only  incidentally  referred  to  the  auricle. 

We  at  first  registo^  the  auricular  beats  as  well  as  the  ventricular ;  but 
an  increasing  c<mviction  of  the  independence  (in  an  empty  heart)  of  the 
movements  of  the  two  chambers,  led  us  after  a  while  to  confine  our 
attention  to  the  ventricle. 

The  application  of  the  current  was  made  by  one  of  us  while  the  other, 
watching  and  recording  the  beats  of  the  heart,  was  unaware  ai  what  was 
being  done.  The  faithfulness  of  the  observations  was  thus  materially 
assisted. 

Finding  the  heart  of  the  common  snail  more  vigorous,  though  smaller, 
than  that  of  the  edible  snail,  we  confined  our  attention  to  the  former. 

The  snail's  heart  consists,  as  is  well  known,  of  a  thin-walled  globular 
auricle,  separated  by  a  ring  of  non-contractile  tissue  from  an  oval, 
almost  conical,  fleshy  ventricle.  Into  the  former,  opposite  the  auriculo- 
Tentricular  orifice,  opens  the  large  pulmonary  vein.  The  latter  at  its 
apex,  opposite  the  auricle,  narrows  to  the  large  artery,  which  we  have 
spoken  of  as  the  aorta.  Id  speaking  of  the  ventricle  we  shall  frequently 
have  occasion  to  distinguish  the  broader  auricular  end  next  to  the  auricle 
from  the  narrow  aortic  end,  which  is  continaouft  mt\i  flaa  wn^   "Vn. 
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jt  Erom  the  body,  it  is  of  importaace,  in  order  to  secure 
fieat,  that  the  inciaion  uliould  bo  carried  through  the 
e  the  contractile  tissue  of  the  ventricle  itself. 
i  is  a  eac,  with  quit«  thin  and  smooth  walla,  the 
[i  the  ventricular  walls  bulge  out  largely  into  the  cavity, 
^(1  that  the  ventricle  has  the  same  spongy  structure  as 

y  other  animals. 
Iiuricular  nor  ventricular  wall  can  the  presence  of  any 
tction  of  nerve-cella  in  the  form  of  ganglia,  be  detected, 
Specimens  or  in  those  treated  with  various  reagents, 
■tricately  arranged  bundles  of  fibres  are  composed  of  a 
c-looking  tissue,  quite  unlike  the  ordinary  muscular 
md  iu  many  ways  resembling  the  cardiac  tisane  ot 

Bthickly  studded  with  nuclei,  Bome  of  which  poBsibly 
Tomal  tesselated    epithelium.      Other  nuclei  are  un- 
Iper  nuclei  oE  the  contractile  elements,  and  the  re- 
e  of  the  nature  of  connective  tissue. 

■1  it  safely  be  said  that  they  are  the  nuclei  of  nervft- 

nerve-librefl  might  undoubtedly,  ualihe  Tertebratfl 

■fibres,  easily  escape  detection ;  but  Mr.  A.  S.  Lea,  of 

trefiilly  PTamincii  for  iih  the  whole  of  both  the  auricle 
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dimtion.  Since  the  eye  has  beeo  our  only  means  of  judging  of  the  clio- 
ncten  of  the  contnction,  it  being  impossible  to  register  the  movementa 
by  the  graphic  method,  we  speak  with  great  uncertaintj'  on  this  point. 

The  stronger  the  shock  the  more  marked,  within  certain  limits,  is  the 
ccmtraction.  The  effect,  of  course,  in  any  particular  case  will  depend 
not  only  npon  the  absolute  strength  of  the  current,  but  on  its  strength 
in  rslation  to  the  irritabili^  of  the  heart.  Thus  a  heart  with  frequent 
and  strong  beats  is  affected  by  a  weak  current  to  the  same  extent  as  is  a 
heart  beating  slowly  and  feebly  by  a  strong  current. 

The  contraction  or  beat  thus  produced  by  a  single  induction-shock  is 
generally  followed  by  a  pause,  much  more  evident  in  some  cases  than  in 
others.  We  have  not  been  able  to  discover  the  exact  conditions  which 
determine  the  duration  of  the  pause;  but  it  seems  to  depend  much  more 
on  the  state  of  the  heart  than  on  the  strength  of  the  current.  There 
appears  to  be  no  necessary  relation  between  the  amount  of  the  contrac- 
tion and  the  length  of  the  consequent  pause.  Thus  a  contraction  twice 
the  strength  of  the  normal  beat  is  not  invariably  followed  by  a  pause  of 
twice  the  length  of  the  normal  diastole ;  it  may  be  more  than  twice  as 
great,  it  may  be  hardly  greater.  On  this  point,  again,  we  speak  with 
hesitation,  from  inability  to  measure  accurately  the  force  or  extent  of 
the  beats. 

We  have  thrown  in  the  single  induction-shock  at  all  phases  of  the  car- 
diac cycle,  at  the  height  of  systole,  immediately  before  and  immediately 
after  systole,  in  the  middle  of  diastole,  &c.,  but  have  been  unable  to 
detect  any  marked  difierences  in  the  result.  It  can  hardly  be  doubt«d 
that,  whatever  be  the  way  in  which  the  shock  causes  a  contraction,  the 
heart  must  be  dii^Brcntly  disposed  towards  a  stimulus,  according  as  it  is 
about  to  make  or  has  just  mode  a  beat ;  uevertheless  we  have  not  suc- 
ceeded in  observing  any  marked  differences. 

Not  only  has  the  contraction  produced  by  a  single  induction-shock  the 
general  characters  of  a  normal  "  beat "  rather  than  those  of  a  simple 
muscular  contraction,  but,  as  far  as  can  be  judged  by  the  eye,  the  effect 
of  the  shock  on  the  ventricle  differs  from  the  effects  produced  in  any 
ordinary  muscular  iibre  in  the  following  respects.  In  passing  gradually 
from  extremely  feeble  to  stronger  currents,  there  is  not  n-itnessed  a 
gradual  increase  of  effect ;  on  the  contrary,  the  change  is  a  sudden  one, 
from  apparently  no  effect  at  ait  to  the  production  o£  a  well-marked  beat. 
This  leads  us  to  infer  that  the  mechanism  by  which  feeble  currents  pro- 
duce contractions  in  the  heart  differs  somewhat  from  that  whereby  con- 
tractions are  caused  by  stimulating  an  ordinary  muscular  fibre*.  The 
stronger  contractions,  on  the  other  hand,  produced  by  stronger  shocks, 
seem  to  share  more  distinctly  in  the  characters  of  an  ordinary  muscular 
contraction. 

f  Coutpsre  Bowditcb,  Arbeiten  phjB.  Anstalt,  Lwpug,  vi.]i^iem%t^%*lV),'^\^. 
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■  uo  effect  on  the  heart. 

u  in  single  ahocks.  of  a  strength  too  slight  to  cause  a 

,  at  all  phases  of  the  cardiac  cycle,  without  being  able 

tion  in  either  the  character  or  frequency  of  the  beat. 

iiure  to  say  that  absolutely  uo  effect  is  produced,  but 

ittifesfed  by  any  change  in  the  rhythm  which  can  be 

?cording  surface,  travoUing  half  an  inch  a  second,  or 

he  beat  which  can  bo  recognized  by  the  eye. 

rown  in  single  shocks  repeated  at  the  same  phase  for 

uccossion.     Thus  wo  haTe  tbromi  in  a  single  weak 

.  of  systole  as  well  as  in  the  middle  of  diastole,  during 

wever,  ore  the  results  when  the  weak  single  induction- 
eppAt«d,  so  that  twoor  more  shocks  fall  wit  hin  each  cycle. 
•/  ihe  shuck*  products  no  eontraelion  or  beat,  bat  it  fair 
\llon  of  the  JiaHoli. 

A  single  induction-shock,  too  weak  to  produce  by  itself 
on  repeated  »ithin  the  cardiac  cycle,  a  distinct  inhi- 

imediately  follows  thn  proloNfjud  diast<ile  is  a  fwble  one 
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The  "alight  qniver"  reoorded  in  the  above  obserratioiu  does  not 
rekllf  contradict  the  ■tatement  made  above  concerning  the  rapid  transi- 
tion &om  a  state  of  rest  to  a  full  though  slight  beat.  The  transition 
from  ^B  quiver  to  a  beat  is  quite  as  abrupt  aa  that  from  a  state  of  com- 
plete rest. 

Ab  br  as  we  have  seen,  inhibition  may  be  brought  about  whether  the 
electrodes  be  placed  lengthwise  (one  at  the  auricle  and  the  other  at  the 
aorta)  or  sidewaTS,  or  obliquely. 

We  have  not,  however,  paid  particular  attention  to  the  question, 
whether  inhibition  can  be  produced  more  easily  in  one  direction  than 
another;  nor  did  we,  in  making  the  above  observations,  pay  attention  to 
tiie  direction  of  the  current. 

Zt  would  seem,  then,  from  the  facta  we  have  recorded,  that  the  inhibi- 
tion produced  by  the  tetaaizing  current,  applied  directly  to  the  ventricle 
of  the  snail's  heart,  is  in  reaUty  the  simple  summation  of  the  effects  of 
the  single  inductiou-Bhocks  which  make  up  the  tetaoizing  current. 

The  effect  of  each  shock  ia  very  alight,  and  a  siogie  shock  has  rarely 
the  power  to  cause  a  marked  prolongation  of  the  diastole ;  nevertheless 
there  ia  an  effect  which  lasts  for  some  time  longer  than  the  applicatdon 
of  the  shock  itself,  and  of  such  a  kind  that  a  second  shock  being  brought 
to  bear  on  the  heart  before  the  effect  of  the  first  haa  passed  away,  has  a 
cumulative  effect,  and,  in  consequence,  distinct  inhibition  is  observed,  if 
not  always  with  two,  at  least  with  several  shocks  rapidly  repeated. 

Moreover  this  inhibitory  effect,  this  prevention  of  the  contraction  ix 
beat,  increases  with  the  strength  of  the  current  employed  up  to  a  certain 
limit,  and  then  the  action  of  the  atimulua  is  suddenly  reversed,  and  a 
ctmtraction  or  beat  is  caused  instead  of  prevented. 

There  seems  to  us  to  be  no  escape  from  thia  concluaton,  that  the  action 
of  the  induction-shock  on  the  tissue  of  the  heart  is  of  auch  a  kind  that, 
beguining  with  a  certain  effect  (inhibition),  aa  it  increases  in  intenaity  it 
suddenly  topples  over,  so  to  speak,  and  produces  the  directly  opposite 
effect  (contraction). 

We  cannot  be  assisted  here  by  the  favourite  theory  of  a  double  me- 
chanism of  inhibition  and  contraction,  with  different  exhaustibilities, 
even  if  we  suppose  that  these  mechanisms  are  evenly  distributed  all  over 
the  ventricle.  All  eihauation  is,  as  far  as  we  know,  gradual.  If  we 
suppose  the  inhibitory  mechaniam  to  be  more  easily  excited  and  ex- 
hausted than  the  contractile,  then  in  passing  from  weaker  to  stronger 
stimuli  we  must  pass  through  a  phase  in  which  the  waning  inhibition  is 
just  sufficient  to  counteract  the  increasing  contraction,  when,  con- 
sequently, no  effect  at  all  will  bo  produced.  In  our  results,  on  the  con- 
trary, we  pass  at  once  from  the  maximum  of  inhibition  to  contraction. 

The  EfftcU  of  the  Constant  Current. 
Non-polarizable  electrodes  (a  modification  o£  DondftyB-^ttdTO)  ■«««.' 
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I  cuiTont  was  supplied  by  a  single  Daniell's  or  Grenet's 
iDg  divided  between  the  electrodes  placed  on  the  heart 
.iiL-e-coils,  the  resistance  in  which  could  be  made  to 
11  to  100,000  ohms,  and  thus  a  very  great  variety 
■ngth  of  the  current  passing  through  the  heart. 
I'ell  to  begin  by  describing  the  effect*  produced  by  the 
Bu  the  Iieart  at  rest,  t.  e.  on  hearts  which,  after  removal 
I  not  Gshibit  any  spontaneous  beat. 
iL-lo  alone  was  esperimonted  with  (the  auricle  having 
1  the  electrodes  placed  lengthwise,  one  against  the 
Jitber  against  the  aortic  end  of  the  ventricle,  a  contrae- 
s  took  place  at  the  making  and  at  the  breaking  of  the 
Jwo  contractions  differed  from  each  other  and  from  a 
3ry  distinct  manner. 

t  of  the  ventrick'  may  be  described  aa  a  gathering  ot 

Bwards  the  point  where  the  long  axis  of  the  ventricle 

|ted  by  a  transverse  line  drawn  across  the  ventricle'a 

mpanied  by  a  kind  of  peristaltic  constriction,  which 

the  auricular  to  the  aortic  end,  t.  e.  which  begins  at 

■s  off  at  the  aortic  end,  though  during  the  greater 

e  beat  the  whole  of  the  ventricle  is  constricted. 

[■ogtiized   in  nn  ordinary  l)eat.  and 
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a  nerre,  and  the  support  they  thus  afford  to  Pfliiger's  hypothesis,  that 
the  establishment  of  kathelectrotonus  and  the  disappearance  of  anelec- 
trotonus  alone  set  in  motion  a  stimulus-waye.  ' 

When  the  ventricle  and  auricle  are  removed  together  from  the  body, 
and  placed  between  the  electrodes,  so  that  one  electrode  lies  at  the  aortic 
end  of  the  ventricle  and  the  other  at  the  pulmonary  end  of  the  auricle, 
the  ventricle  behaves,  as  far  as  the  make-  and  break-beats  are  concerned, 
very  much  as  if  the  electrodes  were  applied  directly  to  the  ventricle  alone. 
Thus  when  the  kathode  is  at  the  auricle  there  is  a  "  making ' -beat  at  the 
auricular  end  of  the  ventricle  and  a  **  breaking  ''-beat  at  the  aorta,  and 
vice  versd. 

We  have  satisfied  ourselves  by  numerous  observations  that,  provided 
the  contraction  of  the  auricle  causes  no  distension  of  the  ventricle,  the 
condition  of  the  one  chamber  of  the  heart  has  no  effect  on  that  of  the 
other.  Between  the  two  is  a  small  ring  of  a  sort  of  connective  tissue, 
traversed,  as  far  as  we  can  make  out,  by  no  nerves,  which  affords  com- 
plete physiological  isolation  of  the  two  chambers.  Thus  out  of  the  body, 
empty  of  blood,  auricle  and  ventricle  are  t\i'0  independent  organs.  Hence 
when  a  current  is  passed  in  the  manner  described  through  both  ventricle 
and  auricle,  each  part  undergoes  a  separate  physiological  polarization,  the 
auricular  end  of  the  ventricle  becoming  kathodic  or  anodic  as  the  case 
may  be,  just  as  if  the  current  were  applied  to  the  ventricle  alone,  account 
being  taken  of  the  weakening  of  the  current  through  the  additional  re- 
sistance offered  by  the  auricle.  This,  at  least,  is  the  only  explanation  we 
can  give  of  the  undoubted  fact,  that,  with  some  modifications  to  be  men- 
tioned afterwards,  the  effect  of  the  constant  current  is  the  same  on  the 
ventricle  with  the  auricle  attached  as  on  the  ventricle  alone. 

Besides  the  mere  occurrence  of  the  kathodic  making-  and  the  anodic 
breaking-beat,  there  are  several  facts  worthy  of  attention.  These  we 
have  studied  chiefly  on  the  ventricle  with  the  auricle  attached ;  but  we 
see  no  reason  to  doubt  that  the  same  facts  appear  when  the  ventricle 
alone  is  used. 

When  the  period  during  which  the  current  passes  'is  very  short,  when 
the  current  is  very  rapidly  made  and  broken,  the  two  contractions  are 
replaced  by  one.  This  contraction  or  beat  begins  at  the  kathode,  t.  e,  is 
aortic  or  auricular  according  to  the  position  of  that  electrode. 

Here,  again,  is  a  curious  parallel  to  the  view  so  generally  adopted  in 
reference  to  the  behaviour  of  nerves  towards  the  constant  current,  viz. 
that  the  establishment  of  kathelectrotonus  is  a  stronger  stimulus  than 
the  disappearance  of  anelectrotonus. 

When  exceedingly  feeble  currents  are  employed,  it  frequently  happens 
that  a  momentary  application  of  the  current,  a  rapid  make  and  break, 
produces  no  contraction  or  beat.  Nevertheless  such  a  current,  if  applied 
for  several  seconds,  will  give,  as  usual,  a  kathodic  making-  and  an  anodic 
breaking-beat. 
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It  beat  on  a  momentary  application  might  be  explained 
t  the  effwt  of  the  too  rapidly  succeeding  break  intei^ 

0  no  positive  indication  of  the  possibility  of  such  an  in- 
here are  reasona  for  thinking  it  extremely  unlikely), 
(■haracter  of  the  katbodic  beat,  when  it  does  occur  with 
t,  distinctly  opposes  such  a  view.     On  the  other  hand, 
doea  exiat  between  the  making  of  the  circuit  and  the 
'  the  contraction,  an  inten-al  easily  rec<^nizable  by  tho 
•:  absence  of  any  graphic  method,  we  have  been  nnable 
,\'e  conclude,  therefore,  tliat,  in  order  to  produce  the 
of  ei-en    the  making   kathodic   beat,   a  certwn   time 
time  is  longer  for  weak  currents  than  for  strong;  and 
ly  weak  may  be  applied  for  a  short  time  without  pro- 
lie  maximum  effei-t  not  hai-ing  time  to  develop  itself, 
does  appear  when  the  action  of  the  same  current  is 

>ping  allowed  for  the  production  of  the  beat,  the  strength 
iking-heat  will  depend  otherwise  entirely  on  the  strength 
f  irritability  of  the  tissues  of  tiie  lontriclo  being  sup- 
int). 
IJK^imiiiiiJimikjn^jcjlU^^ 

187S.]      h^mmee  of  Bleetricity  on  the  Heartt  of  Moiiiuia.      827 

and  tb»  imtarala  betweaa  the  bestfl  geuenll;  become  uuzeuiiiglj  pro- 
liHiged  (lee  fig.  13). 

-  Vben  the  current  is  mfiint&iiied  for  a,  short  time  only  (10  Becondfl)rthe 
ftppewmnoe  u  produced  as  if  the  heart  were  beating  during  the  whole  time 
of  the  poBBOge  of  the  current  (fig.  11), 

The  anodic  breaking-beat  is,  as  far  ae  our  observations  go,  alw&yH  sin^e, 
is  nerer  followed  bj  a  Beriea  of  beats  (that  is,  of  course,  when  the 
rentricle  ie  one  which  is  incapable  of  spontaoeoua  pulsation). 

We  cmclnde  that  the  constant  current  throws  the  tissue  in  the  neigh- 
bourhood of  the  kathode  into  such  a  condition  as  is  favoumble  for  the 
derelopmont  of  beats  ;  that  this  eSect,  though  taking  Bomo  time  for  its 
production,  reaches  its  mRTimiim  very  soon  after  the  making  of  the  ci> 
coit,  and  tJienceforword  diminishes  gradually. 

In  tiie  neighbourhood  of  the  anode,  on  the  other  hand,  the  tissue  is 
thrown  into  a  condition  unfavourable  for  the  production  of  beats,  the 
beats  which  have  originated  in  the  kathodic  region  ceasing  as  they  approach 
file  anode.  The  rebound,  howeTcr,  which  follows  upon  the  breaking  of 
the  circoit  develops  a  beat,  with  the  occurrence  of  which  the  tissue 
returns  to  a  normal  condition  of  equilibrium,  and  no  further  beats 
occur. 

Such  are  the  facts  which  may  be  observed  when  the  kathode  is  placed 
against  the  auricle,  uid  the  anode  against  the  aortic  end  of  the  ven- 

One  would  naturally  expect  that  similar  results,  mvtatia  mutandu, 
would  be  obtained  when  the  kathode  was  placed  at  the  aortic  end  of  the 
ventricle,  and  the  anode  at  the  auricle.    Such,  however,  is  not  the  case. 

"When  the  kathode  is  at  the  aorta  there  is  only  a  kathodic  makings  and 
an  anodic  breaking-beat.  Between  the  two  the  ventricle,  as  a  general 
rule,  remains  perfectly  quiet  (see  figs.  12  &  9).  There  is  therefore  a 
functional  difference  between  the  auricular  and  aortic  ends  of  the  ven-. 
tricle. 

Led  by  the  apparent  analogy  of  the  vertebrate  heert,  one  might  be 
inclined  to  infer  that  there  was  on  automatic  mechanism  present  at  the 
auricular  end  of  the  ventricle,  but  none  at  the  aortic  end. 

This  view,  however,  is  directly  n^atived  by  the  following  facts : — 

The  aortic  end  will,  in  active  and  favourable  hearts,  continne  to  beat 
Bpontwneously  for  some  time  after  being  separated  from  the  rest  of  the 
ventricle. 

When,  as  we  shall  presently  have  occasion  t«  mention,  a  spontaneously 
beating  ventricle  is  submitted  to  the  action  of  the  constant  current,  the 
.  beats  b^jn  at  the  aortic  end,  and  are  frequently  entirely  confined  to  the 
aortic  end  when  that  end  u  made  kathodic.  This  would  be  impossible 
if  the  automatic  mechanism  were  confined  to  the  auricular  end.  We 
have  been  led  to  connect  the  explanation  with  the  shape  of  the  Ten- 
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is  o£  the  contractile  tissue  of  the  ventricle  lies  towards 

If  the  ventricle  were  supposed  to  be  bisected  trans-      ♦■. 
ij^lit  line  dra.'.ni  acroaa  it,  and  its  constituent  fibres 
iiy  straight  lines,  representing  so  many  forces,  those 
msidered  as  applied  at  a  point  on  the  auricular  side  of 

ripose  (we  shall  presently  state  our  reasons  for  such  a 
lliL'  rhj-thmic  impulse  is  generated  by  changes  in  all  the 
c  would  naturally  manifest  itself  first,  as  in  fact  it  does, 
k1. 

!  the  heart  was  first  formed,  each  beat  has  been  taking 
normal  ftwhion,  beginning  at  the  auricular  end.    Hence 
life  (let  it  be  called  what  it  may)  of  each  part  is  habi- 
ted to  such  conditions  as  are  involved  in  the  normal 
the  auricular  end.     One  would  therefore  expect  that, 
ma!  conditions,  it  would  bo  easier  to  call  forth  a  beat 
auricular  end  than  at  the  aortic  end,  and  that  when 
ed  into  two  pieces  the  auricular  end  would  manifest  a, 
>rn  readily  than  the  aortic  end,  though  each  end  were 
i-<i  of  the  power  of  rhythmic  pulsation, 
the  case.     The  aortic  end,  separated  from  the  auricular 
avoiirable  circumstances,  beat  spontaneously,  but  will 
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To  avoid  these  difficulties  we  have  generally  employed  a  current  so 
weak,  that  a  momentary  application  of  it  to  the  beating  heart  produced 
no  appreciable  result. 

During  the  passage,  howeyer,  of  such  a  weak  current  very  marked 
e&cts  make  their  appearance. 

Whatever  the  position  of  the  electrodes,  whether  the  current  be  directed 
longitudinally^  with  the  kathode  at  the  auricular  end  or  at  the  aortic  end, 
or  transversely  or  obliquely,  in  all  cases  the  normal  beat  is  modified  in 
such  a  way  that  the  contraction  begins  at  the  kathode,  and  is  more  or 
less  limited  to  the  neighbourhood  of  the  kathode.  Thus,  when  the  kathode 
is  placed  at  the  auricular  end  of  the  ventricle,  the  part  immediately  round 
the  kathode  contracts  first,  and  the  contraction  passes  down  in  a  vermi- 
cular manner  towards  the  anode,  sometimes  a  very  little  way,  sometimes  a 
considerable  distance.  When  the  kathode  is  placed  at  the  commencement 
of  the  aorta,  the  contractions  begin  at  the  aorta  and  pass  upwards  towards 
the  auricular  end. 

Being  thus  partial,  the  beats  may  be  said  to  be  weaker  than  normal, 
the  more  so  the  more  they  are  confined  to  the  kathode.  Their  feebleness 
seems  to  be  more  evident  with  stronger  currents  (not  so  strong,  however, 
as  to  produce  an  initial  contraction)  than  with  weaker  ones. 

We  have  not  been  able  to  satisfy  ourselves  as  to  any  marked  or  constant 
change  in  the  rhythm  taking  place. 

These  kathodic  beats  are  succeeded,  on  breaking  the  current,  by  one  or 
more  markedly  strong  beats  of  a  reverse  direction,  beginning  at  the  anode 
and  travelling  towards  the  kathode. 

In  some  cases  the  reversal  has  been  seen  to  take  place  during  the 
passage  of  the  current,  the  last  few  beats  beginning  at  the  anode,  but  not 
then  exhibiting  the  same  increase  of  strength  which  is  seen  in  the  anodic 
beats  succeeding  the  breaking  of  the  current. 

This  last  observation  illustrates  the  fact  that  the  effect  of  the  constant 
current,  like  that  of  the  tetanizing  current,  is  at  its  maximum  effect  near 
the  commencement,  and  thence  declines  with  greater  or  less  rapidity,  the 
tissue  becoming  insensible  to  the  current.  In  this  case  insensibility  was 
reached  after  the  current  had  been  passing  a  very  short  time ;  and  it  is 
interesting  to  remark  that,  though  the  direct  effect  of  the  current  thus 
became  lost,  the  reaction  caused  by  the  action  of  the  current  in  the  first 
part  of  the  period  was  able  to  manifest  itself  by  the  anodic  beats. 

Thus,  like  the  initial  and  final  beats  observed  when  the  ventricle  is  at 
rest  before  the  application  of  the  currents,  the  apparently  spontaneous 
beats  always  originate  at  the  kathode,  are  more  or  less  confined  to  the 
kathodic  region,  and,  according  to  the  position  of  the  electrode,  may  be 
witnessed  either  at  the  auricular  or  at  the  aortic  end. 

As  with  the  heart  at  rest,  however,  so  with  the  heart  in  spontaneous 
movement,  there  is  a  functional  difference  between  the  aortic  and  the 
auricular  ends. 

TOL.  xxm.  2  0^ 
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is  most  readily  obsened  when  the  ventricle  with  the 
n  plat-ed  betweeu  the  electrodes  than  when  the  ventricle 
1  to  the  action  of  the  current,  though  we  have  obserted 
ena  in  the  latter  cose  also. 

!e  is  placed  at  the  aorta,  and  the  kathode  at  the  auricle, 
■ent  produpea  no  appreciable  effect.,  except  that  perhaps 
.er  feebler  and  somewhat  quicker  (fig.  5,  p.  342). 
imt,  applied  to  the  same  hwirt  in  the  opposite  direttion 
e  kathode  at  the"  aorta  and  the  anode  at  the  auricle), 

the  vfiitrlde,  so  that  it  remains  in  diastole  during  the 
■  passage  of  the  current,  and  resumes  its  beat  on  the  . 
ken. 
.  is  very  clearly  shown  in  fig.  7.     Here  advantage  was 

inity  of  witnesBiwg,     The  ventricle,  after  a  period  of 
to  heat,  at  first  feebly  with  long  paueea,  then  more 
gly.     Having  reached  a  maximum,  the  heata  similarly 
a  a  new  period  of  quiescence  vas  again  begun.     This 
ythmic  beats  and  quiescence  was  obsened  for  a  long 

that  when  the  constant  current  (h  hioh  was  exceedingly 
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end  while  as  jet  the  current  is  unable  to  produce  the  beats  at  the  aortic 
end,  and  the  result  is  an  apparent  general  inhibition  of  the  whole 
Tentride. 

The  inhibition  thus  produced  is,  as  far  as  we  can  see,  a  distinct  inhi- 
bition ;  that  is,  the  heart,  which  previously  was  beating  regularly,  stops 
beating  when  the  current  is  thrown  into  it,  remains  in  diastole  during 
the  short  time  the  current  continues  to  pass  through  it,  and  resumes  its 
beat  on  the  current  being  removed. 

The  occurrence  of  inhibition  is,  then,  here  a  matter  of  degree ;  it  depends 
on  the  existence  of  a  certain  relation  between  the  irritability  of  the  ven- 
tricle and  the  strength  of  the  current  employed.  When  a  stronger  cur- 
rent is  employed,  the  beats,  while  continuing  to  be  absent  at  the  anode, 
make  their  appearance  at  the  kathode,  and  the  heart,  though  beating 
quite  differently  from  the  normal,  can  no  longer  be  said  to  be  inhibited. 
There  is  no  room  here  for  any  theory  of  a  special  inhibitory  mechanism, 
except  such  a  one  as  would  suppose  that  while  the  automatic  mechanism 
was  exalted  at  the  kathode  and  depressed  at  the  anode,  the  inhibitory 
mechanism  was  by  weak  currents  exalted  at  the  anode  and  depressed  at 
the  kathode.  Such  a  view  would  be  either  simply  a  clumsy  expression 
of  facts  or,  if  any  thing  more,  directly  opposed  to  all  our  experience 
of  the  behaviour  of  irritable  living  matter  towards  electric  currents. 

We  would  now  call  attention  to  fig.  5.  This  is  the  same  heart  which 
w«s  inhibited  by  a  current  passing  from  the  auricle  to  the  aorta,  and  is 
apparently  but  little  affected  by  nearly  the  same  strength  of  current 
passing  from  the  aorta  to  the  auricle.  But  it  will  be  noticed  that,  though 
the  throwing  of  the  auricular  end  of  the  ventricle  into  a  kathodic  condi- 
tion does  not  very  much,  if  at  all,  increase  the  beat  of  the  ventricle,  the 
withdrawal  of  the  current  is  followed  by  a  very  distinct  pause  (a) — in  fact, 
by  an  inhibition  of  short  duration. 

This  pause  must  be  due  to  a  reaction  taking  place  in  the  kathodic 
region.  It  can  hardly  be  due  to  a  reaction  taking  place  at  the  anodic  or 
aortic  region ;  for,  as  we  have  already  seen,  reaction  at  the  anode  takes  on 
the  form  of  a  beat  or  contraction.  We  thus  get  this  remarkable  result, 
that  at  the  kathode,  where  the  action  of  the  current  during  its  passage  is 
favourable  to  the  beat,  the  after  effects^  which  are  in  the  ivay  of  inhibition^ 
are  more  marked  than  the  effects  of  the  current  itself  which,  as  far  as  they 
go,  are  in  the  way  of  a  quickening  of  the  heat. 

In  other  words,  at  the  auricular  end  of  the  ventricle,  of  whose  condi- 
tion, by  reason  of  its  greater  susceptibility,  we  are  better  able  to  judge 
than  of  that  of  the  aortic  end,  we  find  that,  whatever  be  the  direction  of 
the  current,  the  total  effect  of  the  passage  of  the  current  is  inhibitory. 
For  when  the  auricular  end  is  anodic,  the  current  produces  on  that  part 
of  the  ventricle  a  direct  inhibitory  effect,  which  the  exalted  (kathodic) 
condition  of  the  aortic  end  is  unable  to  counterbalance ;  and  when.  tVv^ 
auricular  end  is  kathodic,  the  depressed  (anodic)  conditvou  ol  >i)^^  \si&i^^ 
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f^eftt  Increase  in  tho  total  force  of  the  beats— so  that  the 
he  current  is  raanifestetl  only,  if  at  all,  in  a  quickening 
:  the  after  effect  is  distinctly  inhibitory,  to  such  an  eiteut 
■ured  by  the  reaction,  in  the  way  of  eialtation,  which 
la  (anodic)  aortic  end.     In  other  words,  whichever  its 
one  caae  by  action,  in  the  other  by  reaction,  a  sutSciently 
ves  a  balance  in  favour  of  inhibition, 
ason  of  the  less  susceptibility  o£  the  aortic  end  and  the 
!;hter  development  in  that  region  of  a  rhythmic  beat, 
to  judge  of  what  is  going  on  in  that  region  during  the 
iirreut,  «o  may,  we  venture  to  think,  assume  that  the      ' 
of  fundamentally  the  same  kind  as  at  the  auricular  end — 
at  the  !otal  effect  of  the  passage  of  the  current  would 
D  greater  in  the  direc4ion  0/ inhibition  than  of  eialtation. 
ak  current,  then,  passed  lengthwise  through  the  ventricio 
11,  whether  from  aorta  to  auricle  or  from  auricle  to  aorta, 
effect  (when  the  period  of  reaction  ia  included)  greater 
effect. 

such  a  current  to  be  momentarily  passed  through  the 
I  any  two  beata,  its  effect  therefore,  aa  far  as  it  went, 
)iig  the  diastole.    The  effect  might  not  bo  very  obvious  ; 
alU^^STOUj^ietectior^^tself^uUf^^ 
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dependiog  on  the  &ct  that  the  total  depressing  effect  of  the  current 
on  the  rhjthmictUly  beating  tissue  ia  greater  than  the  total  exaJting 
effect. 

It  maj  seem  straiige  to  speak  of  a  stimulus  as  producing  a  depreraing 
effect ;  but  reflection  wUl  show  that  it  is  quite  what  ought  to  be 
expected. 

We  have  in  the  foregoing  contented  ourselrea  with  speaking  of  the 
tissue  in  the  neighbourhood  of  the  electrodes  as  being  in  a  kathodic 
or  anodic  conditioii  as  the  cose  may  be.  We  did  bo  because,  not 
having  examined  the  condition  of  the  electric  currents  of  the  ven- 
tricle, we  hesitated  in  using  the  terms  kathelectrotonus  and  anelectro- 
tonua. 

We  know,  however,  that  muscle  is  capable  of  being  thrown,  in  the  intra- 
poiar  region,  into  an  elcctrotonic  condition,  and  that  (quite  in  accordance 
with  all  the  results  recorded  above)  this  cosdition  lasts  after  the  removal 
of  the  current.  We  thn^ore  shall  probably  not  err  in  supposing  that 
the  polariEation  of  the  cardiac  tissue,  which  is  obviously  a  result  of  the 
constant  current,  is  more  or  less  allied  to  tliat  kind  of  polarization  which 
we  call  electrotonus. 

Now  the  elcctrotonic  condition  of  nerve  or  muscle  differs  essentially 
from  the  polarization  of  any  dead  matter  in  this,  that  it  is  eteentiaUy  a 
funetitm  of  the  vital  activity  of  the  substance  polarized.  May  we  interpret 
this  as  meaning  that  the  change  in  muscle  or  nerve  which  constitutes  Uie 
electiotonic  condition  is  brought  about  and  muntained,  not  solely  at  the 
expense  of  the  energy  of  the  current,  but  also,  perhaps  chiefly,  at  At 
expente  of  the  energy  of  the  tiasue  itself  1 

If  BO,  then  we  may  aigue  that  while  in  the  normally  beating  heart  all 
the  energy  of  the  tiaaue  is  used  for  the  production  of  the  beat,  when  a 
constant  current  is  passed  through  it  some  of  this  energy,  in  addition  to 
the  energy  of  the  current  itself,  is  used  in  establishing  anelectrotonus 
and  kathelectrotonus.  There  must  therefore,  as  the  result  of  the  polari- 
lation,  be  less  energy  (for  the  time  being)  available  for  the  purposes  of 
pulsation. 

The  idea  of  the  exalting  influence  of  a  stimnlus  arises  naturally  from 
the  fact  that  the  stimulus  may,  if  sufficiently  intense,  give  rise  to  a  con- 
trsctioQ  ;  and  it  seems  at  first  sight  contradictory  that  one  and  the  same 
thii^  should  produce  apparently  exactly  opposite  effects. 

It  is  very  easy,  however,  to  trace,  in  the  beating  ventricle  of  the  snail's 
heart,  the  transition  from  inhibition  to  the  production  of  a  contraction  or 
artificial  beat. 

One  stage  in  this  transition  is  shown  in  fig.  4. 

Here  a  weak  constant  current  passed  through  the  ventricle  longi- 
tudinally from  auricle  to  ventricle  (and  thus  most  favourable  for  inhibi- 
iion)  caused,  when  the  passage  was  momentary  (i.  e.  was  removed  be(civ« 
it  had  time  to  produce  its  full  effect,  and  tbua  waa  re&aicei,  wi  \a  v^fa^ 
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h  below  ita  normal  etrength),  eimply  a  brief  inhibition, 
brcater  length  of  the  diastole  marked  a. 
|;-nt,  allowed  to  act  on  the  tiaauo  a  sufficient  time  for  it  to 
n  effect,  gare  rise  to  a  making-  and  breaking-beat,  the 
.'hat  we  have  called  kathodic  (starting  from  the  aortic 
L  tho  breaking  anodic  (starting  from  the  auricular  end). 
J  sufficiently  strong  while  inhibiting  the  auricular  end  to 
Ibeat  of  the  aortic  end. 
k'nt  would,  if  sufficiently  increased  in  strength,  have  been 
a  a  momentary  passage,  the  same  eSect  as  it  has  in  the 
[  by  prolonged  passage,  with  thia  exception,  that  there 
e  beat  only  instead  of  two. 

siiQply  varying  the  intensity  of  the  current,  we  get 
ir  contraction. 

rved  that  in  fig.  2  the  kathodic  beat  is  followed  by  a 

■the  anodic  beat;  and  a  eingle  contraction  produced  by 

plication  of  a  stronger  current  would  show  a  eimUar 

sea  may  be  regarded  as  partly  due  to  the  effects  of 

[-that  ia,  to  what  ia  eommonly  spoken  of  as  exhaustion ; 

ir  preceiiiiig  obsenations,  that  they  are  partly 

cft'tvt  of  the  current.) 
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ftnd,  M  &r  oa  we  know,  the  heart  bad  in  each  inBtaiice  been  treated,  iU 
■ome  wa7  or  other,  b;  electric  curreots. 

We  are  totally  usable  to  give  any  explanation  of  the  phenomenoa ;  and 
though  we  hare  tried  in  variouB  ways  to  produce  it  artificiallj  at  will,  haTO 
always  fuled  to  do  so. 

It  suggecta  the  curioiu  inquiry  whether,  during  the  quiescent  periods, 
the  heart  is  absolutely  at  rest,  or  in  reality  executing  pulsatdons  too  small 
to  be  risible.  We  have  been  unable  to  detect  any  indications  of  such 
invisible  beat«,  and  the  marked  length  of  the  first  and  last  diastole  in  each 
actire  phase  would  seem  to  indiiate  that  the  median  portion  at  least  of 
each  quiescent  phase  is  occupied  by  a  prolonged  diastole  of  absolute 
quiescence. 

We  might  further  speculate  as  to  whether  similar  secondary  rhythms, 
marked,  not  of  course  hy  absolute  quiescence,  but  by  a  more  or  lees  pro- 
nounced rise  and  fall  of  cardiac  actirity,  may  not  exist  under  normal  dr- 
Gunurtances — whether  they  may  not,  for  instance,  be  diurnal  phases  of  the 
heart's  own  nutrition ;  and  also  as  to  whether  the  normal  pulse-phase 
may  not  be  made  up  of  small,  more  rapid,  oscillations,  bearing  the 
same  relation  to  it  as  it  does  to  the  larger  rhythm  we  are  speaking  of. 

Lastly,  if  the  heart  of  the  snail  were  a  barrel-shaped  oi^[an,  like  that  of 
a  Tunicate,  with  each  end  equipoUent  to  the  other,  instead  of  being  a 
conical  mass  as  it  is,  with  a  wholly  preponderating  auricular  end,  it  is 
cosy  to  see  how  such  a  secondary  rhythm  as  the  one  we  have  described 
would,  if  started  at  each  end  of  the  tube  at  different  times,  produce  the 
well-known  alternating  action  so  characteristic  of  the  Tunicate  heart. 

M^erimaUs  on  tJie  Hearts  of  other  MoUutks. 

The  forgoing  observations  on  the  heart  of  the  snail  were  made  by  us 
tog^ier  in  the  Physiological  Laboratory  at  Cambridge. 

Daring  a  stay  at  the  Zoological  Station  at  Naples,  in  the  month  of 
November  last,  Mr.  Dew-Smith  made  several  observations  on  the  hearts 
of  Sepia  aod  Aplytia,  with  the  riew  to  ascertain  whether  they  would 
behave  towards  electric  currents  in  the  same  way  as  the  heart  of  the 
snail.  We  hoped,  too,  they  perhaps  might  be  found  more  convenient 
for  the  purposes  of  experiment;  this  hope,  however,  was  not  realized. 

In  &e  first  place  the  heart  of  the  Stpia,  though  it  will  beat  when 
removed  from  the  body,  can  be  got  to  do  so  with  extreme  difficulty,  and 
then  for  a  short  time  only.  The  observations  consequently  had  to  be 
conducted  on  the  heart  in  gittt,  and  for  this  reason,  as  was  explained  in 
the  case  of  the  snul,  were  robbed  of  much  of  their  value. 

Moreover  the  peculiar  shape  of  the  ventricle  of  the  Sepia's  heart,  with 
its  two  oortie  and  its  two  branchial  sinuses,  render  it  much  less  suitable 
for  the  purpose  in  hand  than  the  more  compact  and  simple  ventricle  of 
the  snail. 

NererthelesB  the  following  results  were  arrived  at ;— 
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t  as  to  divide  one  aorta  and  the  branchial  sinus  of  one 
T  itoi-tn  BJid  the  braiifhial  sinus  of  the  other  side,  each 

lie  art  continued  to  beat  rhj-lhmii'ally. 
.niiot  be  a  single  automatic  nervous  centre  for  tbo  Yen- 
's heart. 

be  discovered,  the  slimulation  of  which  would  produce 
leart  aft<?r  the  fashion  of  the  Tertebrate  pnenciogastric. 
d  current  applied  directly  to  the  ventricle  did,  under 
stances,  produce  a  stoppage  of  the  rhythm,  the  heart 
istole  and  resuming  its  beat  on  the  removal  of  the 

ire  (he  same  effeets  in  Sepia  us  in  the  snail,  sometimes 
.■tiou  and  sometimes  having  as  a  result  a  more  or  less 

isage  of  a  constant  current  exactly  the  same  phenomena 
in  the  case  of  the  snail,  the  beats  always  storting  from 
Iravelling  towards  the  anode.     This  effect  could,  in  fact, 
e  distinctly  in  the  case  of  Sfpia  than  of  the  snail.     Bj 
<xle3  ill  a  proper  position  the  course  of  the  pulsation 
le  might  be  at  pleasure  reversed. 
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hsTe  been  extremely  inteieetmg  to  hsve  studied  the  sctdon  of  the  con- 
stant current. 

Qeneral  Congideraliont. 

The  beat  of  the  Tentricle  of  the  siuul's  heart  may,  we  venture  to  think, 
be  regarded  aa  a  rhythmic  movement  of  purely  protopUamio  natuie. 

The  conatituent  fibres,  if  fibres  wo  may  venture  to  call  them,  are  not 
isolated  like  the  fibres  of  a  vertebrate  voluntary  muscle,  but  pbysiologi* 
caUy  continuous ;  so  that  any  change  set  up  in  any  part  of  the  ventricla 
can  be  propagated  over  the  whole  of  it  in  the  some  way  that  a  con- 
traction-wave set  going  at  any  point  in  a  8triat«d  fibre  is  propagated 
along  the  whole  length  of  the  fibre,'or  that  a  contractioD-ware  is  propa- 
gated from  the  point  of  stimulation  along  a  nerveless  ureter.  (Compare 
Engelmann,  Ffliiger's  Archiv,  ii.  p.  243.) 

[The  ease  with  which  the  entire  ventricle  of  the  snail  can  be  completely 
polarized  by  the  constant  current  may  be  regarded  as  another  proof  of 
the  physiological  continuity  of  its  tissue.  The  want  of  conformity  be- 
tween the  directions  of  its  fibres  and  those  of  the  paths  naturally  taken  by 
the  current  in  passing  from  one  electrode  to  the  other,  forbids  us  to  sup- 
pose that  the  effects  described  above  can  be  the  combined  result  of  a 
number  of  independently  polarized  fibres.] 

'  The  changes  which  result  in  the  rhythmic  beat  take  place  normally  in 
all  parts  of  the  tissue,  so  that  any  moiety  of  tRe  ventricle  isolated  bom 
the  rest  is,  under  satisfactory  nutritive  conditions,  able  to  execute  rhyth- 
mic movements.  (The  isolation  may  be  mechanical,  as  by  section,  or  phy 
ncal,  as  by  polariswtioti  with  the  constaut  current.) 

When  the  ventricle  is  cut  in  half,  the  two  halves  do  not  necessarily 
beat  synchronously.  Each  half  has  a  rhythm  of  its  own,  which  may  or 
may  not  be  (and  in  nearly  every  instance  Is  not)  the  same  in  both  halves. 
But  the  rhythm  of  each  half  is,  under  favourable  circumstances,  perfect 
and  complete;  and  the  same  may  be  said  of  still  smaller  pieces. 

Now  the  normal  beat  of  the  entire  ventricle  is  a  complicated  act. 
There  are  in  it  definite  sequences.  Certain  fibres  or  certain  parte  of  the 
tissue  begin  to  contract  before  others,  and  certain  parts  continue  to  con- 
tract after  others  have  ceased  to  do  so.  The  beat  is  not  a  simple  con- 
traction-wave passing  uniformly  from  one  end  to  the  other,  or  radiating 
equally  in  all  directions  from  one  point,  but  a  peculiar  movement,  having 
for  its  object  the  ejection  of  fluid  from  the  cavity  in  the  best  possible 
manner,  and  is  hence  a  coordinated  movement. 

The  aortic  half  of  the  ventricle,  separated  from  the  auricular  half, 
starts  each  of  its  beate  quite  independently  of  what  is  going  on  in  the 
ventricular  half,  and  vice  vertd.  "When  the  two  are  physologically  con- 
tinuous,  the  changes  in  the  one  are  determined  by  the  changes  in  the 
other.  In  order  that  a  normal  beat  may  be  fairly  carried  through,  the 
auricular  half  must  not  start  its  contraction  uuti\  t\Le  tuydw  W&  S&'kd&i  \n 
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wieu  there  would  be  not  a  regular  beat,  but  an  irre- 

mlrattious. 

■herefore,  t-o  conclude  that  in  the  normal  condition, 
phyaiologieally  continuoua,  there  are  means  of  com- 
aU  parte  ;  so  that  the  auricular  half,  for  instance,  on 
if  wo  may  use  the  phrase,  what  is  gomg  on  in  th» 
the  other,  eierta  an  influence  on  those  changes  in 

,te  them  to  the  changes  taking  place  in  itself,  aud 

J!  our  knowledge  of  protoplasm  (and  we  might  point 
nmonioue  working  of  groups  o£  cilia  and  ciliated  cells) 
the  existence  of  BUch  a  eonsfmus  among  the  several 
of  protoplasm  which  acts  together  as  a  whole.     Nor 
0  bo  any  difficulty  in  supposing  such  communicationfl 
ecular  movements  in  the  undifferentialed  protoplasm ; 
in  protoplasm  many  binds  of  currents  and  internal 
n-e  have  at  present  no  names.     We  might  further 
st  be  in  undiSerentiated  protoplasm  the  nuiimenU  of 
functions  present  in  the  differentiated  etructurea  of 
1U8  the  process  by  which  the  condition  of  the  aortic 
s  ventricle  is  communicated  to  the  auricular  region 
iment.  of  the  mugcular  feime. 
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ties,  joined  togetiier — the  force  had  character  of  the  a  jBtole  and  the  lengtii 
of  the  diutole. 

We  would  iuggeflt  that  the  ganglia  are  not  automatic  in  function  in 
tiie  above  sense,  but  simple  coordinators.  The  contractile  tissue  of  the 
frog's  ventricle,  arranged  in  bundles  isolated  hj  connectiTe  tissue,  is  not ' 
phjsiologlcallj  continuous,  though  each  bundle  formed  i>j  the  opposition 
of  branched  sheathless  muscular  fibres  m&y  be  continuoos  throughout 
itself ;  and  the  oonsensus  we  spoke  of  just  now  cannot  be  effected  bjr 
molecular  communications.  Hence  the  existence  of  differentiated  organs, 
in  the  form  of  nerves  and  ganglia,  by  means  of  which  indications  of  the 
condition  of  the  isolated  constituents  of  the  ventricle  (and,  we  may  add, 
of  the  isolated  auricles  and  ventricle)  are  carried,  at  items  of  a  mutcular 
aetue,  to  a  central  organ,  and  thus  the  state  of  each  part  is  nude  common 
to  all.  In  this  central  organ  the  advent  and  character  of  each  beat  is 
determined  as  the  expression  of  the  nutritive  condition,  not  of  the  nerve- 
cells  only,  but  of  the  contractile  elements  as  well. 

If  this  view  of  the  function  of  automatic  ganglia  (which,  it  will  be 
observed,  is  simply  a  modification  of  !Sir  J.  Paget's  conceplaon)  be  correct, 
it  is  easy  to  understand  why  we  have  found  no  such  organs  in  the  phy- 
Biologically  continuous  protoplasmic  heart  of  the  snail. 

It  needs  no  such  ganglia  for  the  carrying  on  of  its  own  rhythmic  beat ; 
nor  does  it  need  them  to  place  it  ew  ra/ipori  with  the  rest  of  the  body  of  the 
animal.  The  movements  of  the  body  determine  the  quantity  of  blood  flow- 
ing to  the  heart ;  the  force  and  rapidity  of  the  heart's  beat  is  in  direct  ratJo 
to  the  quantity  of  blood  distending  its  cavities ;  and  thus  a  harmony  is 
established  between  the  movements  of  the  body  and  the  circulation  quite 
sufficient  for  the  purposes  of  the  snail's  life,  without  the  intervention  of 
that  nervous  regulative  mechanism  supplied  to  the  vertebrate  heart  by 
tim  various  cardiac  ganglia,  the  pneumogastric,  and  other  nerves. 

Sesume. 

Wo  have  seen  that,  in  the  region  of  the  kathode,  a  condition  which  we 
have  compared  viith  the  kathelectrotonua  of  nerves  is  set  up.  This  con- 
dition we  will  not  at  present  venture  to  characterize  more  closely  than 
to  say  that  it  is  favourable  to  the  production  of  rhythmic  beats.  At  the 
anode  precisely  the  opposite  effect  takes  place. 

We  have  shown  that  both  conditions  require  some  time  for  their  com- 
plete establishment,  and  that  when  established  they  at  once  begin  to 
decline.  Thus  they  speeilily  reach  a  maximum  and  more  gradually 
subside. 

The  setting  up  of  kathelectrotonua  will,  if  sufficiently  intense  and 
the  maximum  be  fairly  reached,  give  rise  to  a  contraction  or  beat.  The 
giving  way  of  anelectrotonus,  though  with  less  ease,  will  also  cause  a 
beat.  Both  the  establishment  of  anelectrotonus  and  the  disappearance  of 
kathelectrotonuB  are  uufavouiable  to  the  production  oi  t\iQ  TV^^tim^\K^< 
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toduced  by  a  constant  current  at  ea*li  pole  is  mixed, 
ible  aui!  partly  unfiivouruble  to  a  bent, 

,  Is  unfavourable  to  the  rhythmie  beat;  and  .%Fheil 
or  of  too  short  duratioa  to  produce  a  visible  contrac- 
tile uu£avourabl«  effect  alone  becomes  evident. 
lassnge  of  a  weak  current  is  followed  at  a  sufficiently 
aiiuilar  brief  passage,  the  unfavourable  offecta  are,  in 
igBther;  and  thu8,  by  repetition,  a  cuniulative  result 

ft  single  induclion-shofli,  too  weak  in  itself  to  pro- 
ictiou  or  such  a  prolongation  oE  the  diaatote  as  can  bo 
ired,  will,  if  repeated  rapidly  enough,  produce  an  im- 

■vialions  we  have  made,  aud  the  explanations  we  have 
iirdfd  B8  throwing  any  light  on  the  working  of  the 
d  on  the  general  theory  of  inhibition,  inust  be  deter- 
quiries.    These  we  have  already  commenced,  and  hope 
jine  of  our  results  before  the  Society. 

:ATI0N  op  the  DIAQKAMS  (pp.  »i2,  343). 
id  Iromngblloli-ri. 
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Kg.  3.  Cknutant  onmnt  appliad  to  « ipontanaoiulj  beating  Tmtride. 

The  appet  liiu  indkatM  th«  b«at«  of  tb«  Tsntride,  tba  middle  line  tlie  ^pli> 
ofttioo  of  tha  oamot.   The  kathode  iraa  placed  at  tb«  aortie  end  of  the  fmitricje, 
anode  planed  at  the  anricnlar  end  of  the  Tentrial«.    No  reditaiioe  in  the  nriil- 
anoe^host ;  oonaeqoentlj  011I7  the  verj  tmalket  fiaotion  of  the  enneot  aoold 
hare  paned  through  the  T«DtricIe.     Current  made  at  x  and  broken  at  y. 
Hie  baat  a  itarted  from  the  aortio  end,  the  beat  fj  ttom  ths  aorieular  «nd. 
7!g.  4.  The  BUBe  earrent,  applied  to  the  nme  heart,  under  eiacttf  nmilar  drcunuiuuM 
aa  in  Sg.  3,  etoept  that  the  br«Bk  almoet  inatantaneoutly  followed  the  Buka. 
"Sa  beat  was  produced,  but  only  a  lengthening  of  the  diaatole  a. 
Yig.  It.  Efleet  of  eonitant  current  applied  to  the  ipontaneODBij  beating  heart,  the 
auricle  still  attached  to  rentriole.    Kathode  at  auricle,  anode  at  aortio  end  of 
Tentricle.    Beaistanoe  introduoed  into  the  reaietanoe-ahimt  mf ;  mnieeqnentlj  the 
Tei7  feebleat  current  vaa  aeaX  through  the  heart.    The  current  ie  made  at  cand 
broken  at  y.    Bo  appreciable  effect  during  the  pusaga  of  the  ourrent,  eio^  * 
dight  quickening  of  the  beaL     The  breaking  of  the  onrtcnt  ia  marked  I7  the 
prolonged  diastole  at  a. 
Kg.  6.  Biample  of  the  "  lecondary  ihythm  '  of  the  Tentricle  of  the  mail'i  heart. 

Shorn  the  lecondarj  rbjthm  spoken  of  on  page  334.  The  laat  of  a  mte  tt 
9  beita  is  shown  at  a.  Then  follows  a  pause  (^)  for  18  seconds;  then  the  baale 
reoommenoe  at  y,  going  on  9  times  to  8  ;  then  sgoin  (dUows  the  panae  «,  aoe- 
eeeded  by  another  series  of  Q  beata,  commencing  at  C, 
Vig.  7.  InhiUtion  of  Tentricle  hj  constant  oumnt  thrown  in  during  an  aotJTe  period 
of  the  secondarj'  rbjthm  shown  in  Sg.  6. 

Auricle  still  atbMdied  to  Tentricle,  and  -1  ohm  introduced  into  the  rceistaaee- 
shuDt.  The  anode  at  the  auricle,  the  kathode  at  the  aortic  end  of  Uu  Tsntride. 
An  instantaneous  make  and  break,  whether  thrown  in  during  the  period  oTreat 
or  during  the  period  of  activity,  produced  no  effsct.  o  is  the  ftret  of  the  seriea 
of  beats  succeeding  a  pause.  On  the  making  of  the  cnrmit  atxthe  beats  cease, 
but  reappear  at  /]  upon  the  breaking  of  the  current  at  y. 

If  .B.  The  point  of  the  leTer  marking  the  Tentricular  beats  on  the  upper  line 
ma  not  placed  exactly  orer  the  point  of  the  leTer  marking  on  the  middle  line 
the  application  of  the  current,  oonsequcotly  the  b«t  p  seems  to  precede  the 
breeking  of  the  current  at  y.  In  reality  it  succeeded  it  by  a  rery  short  interraL 
F^.  8.  Pulsation  brought  on  by  constant  current  tluY>wn  in  during  the  resting-period 
of  leoondary  rhythm. 

Heart  and  strength  of  current  same  as  in  llg.  7.    Kathode  at  anride,  anode  at 
aortic  end  of  Tentricle.    The  resting-period  or  pause  is  seen  commencing  at  a, 
but  is  broken  by  the  beat  j3.  induced  by  the  constant  ourrent,  whidi  it  mad» 
at  f ;  (he  beats  continue,  ceasing  at  y  when  the  current  is  broken  at  g. 
Fig.  9.  Constant  current  applied  to  the  heart  at  reet. 

Auricle  still  attached  to  the  Tentricle.  Anode  at  the  auricle,  kathode  at  the 
aortic  end  of  the  Tentricle.  The  resistance  in  the  reeiilancc-shunt  amounted  to 
1  ohm.  Otherwise  the  arrangements  were  the  same  as  in  fi^.  12  &c.  The 
beat  a  was  very  faint,  starting  from  the  aortic  end  of  the  Tentricle.  The  beats 
^,  y  started  from  the  auricular  end  of  the  Tentricle.  This  nn  an  exoeptunuJ 
case,  in  which  a  beat  (/3)  appeared  befote  the  breaking  of  the  curronL 
Fig.  10.  Constant  current. 

Applied  to  heart  at  reat   Kathode  at  auricle,  anode  at  aortic  end  of  Tentriclp. 
The  top  lioe  indioate*  beat  of  Tentricle  \  the  middle  line  indicates  the  applica- 
tion of  the  current,  made  at  r  and  broken  at  y.    A  single  Daoiell's  cell  waa  used. 
In  the  resistance-shunt  the  resistance  was  1  ohm ;  oonsequentty  a  small  fraction 
only  '^  ^*  total  current  passed  through  the  heart. 
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Ths  beati  a,  j3  coniin«nc«d  kt  the  ■aricuUr  end  of  Ihe  Tcntricl«  ;  the  b«^  7, 
due  to  diappearance  of  snelectrotoniu,  commenced  at  th«  ttortio  end  of  llie 
Tentricle. 
Fig.  11.  Same  amngement  u  flg.  10.    Rcsietance  in  Uie  reditanee-ahunt  lOOohma. 

Tbt  beat  at  a,  due  to  the  iiutantaneoue  make  and  breek  at  r,  waa  normal  in 
■dianoter,  i.f.  itarted  from  the  auricuUr  end  of  the  tentricle.    The  best*  J3,  y,  d 
•lao  itarted  from  the  auricular  end.    Ibe  beat  ■  itarted  from  the  aortic  end  of 
the  TentHcleh 
Pfg.  13.  Constant  current  applied  to  ths  heart  at  reet. 

Auricle  itill  attached  to  rentriole.  Anode  placed  at  aurioli>.  k&thode  at  aortic 
end  of  Tentrlole.  Thevholeof  the  current  from  a  aingle  Daairll'a  cell  waa  aetit 
through  the  heart.    Otherwieo  the  ume  arrangement  ai  in  llgi.  10,  12,  &  13. 

The  beat  a,  due  to  the  inttiuitaneoui  make  and  break  at  r,  «a«  hint,  ntarling 
from  the  aortic  end  of  the  Tenlriile.    fi  waa  a  etronger  brat,  ntjirting  abo  from 
Ihe  aortic  end  at  the  Tcntriclc.    y  waa  a  Itrong  beat,  itarting  froio  the  auricuL  r 
Mid  of  the  Tentricle. 
Tig,  13.  Some  arrangement  bi  Sg«.  10  i.  tl. 

The  whole  of  thecurrentrromaiungleDaTiicll'aren  was  thrown  In.  The  heal* 
a,  f),  y,  S  alarted  frum  the  auhuulu'  end,  and  *  from  Ibe  aortic  end  of  tl.« 
Tentricle. 
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!)9orpt ion- Spectra  of  MetaU  volatilized  by  the 
1  Flame."    By  J.  NoRM*v  LockyEh,  F.K.S.,  and 
E«  Roberts,   Chemist  of  the  Mint.     Received 

1875. 

-Iiicii  have  recently  been  published  on  the  absorption- 
Tiotals,  first  by  Eoacoo  and  Hchu.st«r  and  subBequently 
blieh  beyond  all  question  the  facts  that — 
1  the  woJl-known  line-apectra,  channel led-space  spectra 
a  vapours  of  certain  metals  ;  and, 
are  produced  by  vapours  which  are  competent  to  give 
)t  only  tine-spectra,  but  continuous  spectra  in  the 

2A. 

lire  rmployod  for  the  volatilization  of  the  metals  in  the 
eh  we  have  referred  did  not  exceed  bright  redness,  or 
iron  readily  melts,  the  range  of  metala  examined  wna 
We  have  therefore  considered  it  desirable  to  extend 
to  the  leas  fusible  metals,  as  well  as  to  ascertaia 
lof  those  wluch  were  volatilined  at  the  lower  tempera- 
lied  by  the  application  o£  a  greater  degree  of  heat.   For 
ve  employed  the  flame  of  an  osyhydrogen  blowpipe. 
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lateral  orifices  were  cut  in  the  lime  for  the  iniertion  of  tobacco-pipe 
Btems,  through  which  a  atroiMn  of  hydrogen  could  be  puaed  into  the  tuhe 
Bod  receptacle. 

An  electric  lamp  (F),  in  connexion  with  a  30-oell  Bunsen'a  batterr. 


was  placed  opposite  one  end  of  the  tube,  and  a  apectroscope  (G)  oppoeita 
the  other.  This  last  instrument  was  by  Deaaga,  of  Heidelberg,  and  its 
(angle  prism,  the  angle  of  which  was  60°,  was  capable  of  distinctly  sepa- 
rating the  J)  lines,  at  the  same  time  that  it  enabled  us  to  see  the  whole 
spectrum  in  a  single  field  of  view,  an  essential  point  in  such  inquiries. 
The  magnifying-power  of  the  telescope  was  ?'5  linear. 

Some  preliminary  experiments  indicated  the  advisability  of  increasing 
the  length  of  the  column  of  vapour.  To  efiect  this,  a  tube  30  centims. 
long  was  made  in  a  fresh  block  of  lime,  the  cavity  beiug  arranged  as 
before ;  in  each  end  a  short  accurately  fitting  iron  tube,  lut«d  with  a 
mixture  of  graphite  and  fireclay,  was  inserted ;  and  the  total  length  of 
the  column  thus  became  60  centims. 

The  lime  block  (C)  with  its  fittings  was  then  placed  in  the  charcoal- 
furnace  (E),  by  means  of  which  the  whole  could  be  raised  to  a  high  tem- 
perature. As  soon  as  the  block  was  heated  to  bright  redness,  the  metal, 
the  vapour  of  which  was  to  be  examined,  was  introduced  into  the  cavity 
(C),  and  the  flame  of  the  oxyhydrogen  blowpipe  (D)  was  allowed  to  play 
cm  its  upper  surface,  care  being  taken  to  employ  an  excess  of  hydrogen. 
In  almost  every  case  the  metal  experimented  on  was  rapidly  volatilised 
(the  exceptions  being  gold  and  palladium).    The  central  portion  of  the 
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ii>(l  to  a,  white  heat  by  the  action  of  the  blowpipe.    As 
pid!y  became  clouded  by  the  condeasation  of  the  me- 
.iia  necessary  to  ^Jopt  an  arrangoinont  by  which  they 
nlaeed.     Wo  may  state  that,  amoQg  the  precautions 
in  order  to  assure  ourselves  that  oxides  were  not  pre- 
■  accuracy  of  the  results,  one  of  the  glass  plates  waa 

l-'H  conclusively   proved   by  igoiting  it  at  the  open 

'd  at  any  time,  by  modifying  the  conditions  of  the  gas- 
ce  the  spectrum  of  the  oxyhydrogen  flame.     It  may 
that,  with  few  eiceptions,  the  metals  were  previously 
I  of  hydrogen  and  enclosed,  until  experimented  on,  in 
We  ascertained  that  the  effect  of  oxides,  and  of  the 
to  condensation,  was  to  produce  a  general  absorptioa 
;  from  the  special  effects  of  absorption  which  ve  now 

Details  of  the  Eipeeimentb. 
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Aluminium. 

When  the  temperature  was  so  high  that  the  spectrum  of  the  flame  was 
visible,  aa  absorption  was  suspected  in  the  violet ;  and  the  appearance 
did  not  change  on  one  glass  end  being  removed. 

Zinc. 

Many  experiments  were  made  on  this  metal;  but  there  are  several 
points  connected  with  it  which  require  further  investigation,  and  we 
therefore  reserve  our  remarks  on  the  spectrum  of  zinc  for  a  future 
occasion. 

Cadmiwfn. 

Under  both  conditions  of  thickness  the  vapour  of  cadmium  gave,  in 
the  blue  only,  an  absorption  which  was  very  decided ;  an  absorption  in 
the  red  was  also  noticed  which  had  not  been  observed  in  previous  experi- 
ments when  a  low  temperature  was  employed. 

Manganese, 

A  small  quantity  of  this  metal  was  prepared  with  great  care  by  Mr. 
Bayly,  one  of  the  assistant  ossayers,  and  it  gave  a  distinct  absorption 
in  the  red  and  blue,  with  evidences  of  a  channellednspace  spectrum.  In 
a  repetition  of  the  experiment  a  more  distinct  channelled-space  spectrum 
was  observed. 

Iron, 

The  metal  employed  had  been  obtained  by  electro-deposition  in  the 
manner  suggested  by  Mr.  Jacobi.  Its  vapour  gave  a  slight  continuous 
absorption  in  the  blue. 

Cobalt 

also  gave  a  slight  continuous  absorption  in  the  blue,  but  less  than  in 
the  case  of  iron. 

Nickel, 

This  metal  behaved  in  the  same  manner  as  cobalt,  the  absorption  being 
about  equal  in  amount. 

Chromium, 

The  amount  of  metal  volatilized  was  very  small,  but  a  fine  channelled- 
space  spectrum  was  observed. 

Tin. 

This  metal  caused  a  considerable  absorption  in  the  blue,  but  less  in 
the  red,  no  traces  of  a  channelled-space  spectrum  being  visible. 

Antimony. 

In  results  already  published  it  is  stated  that  at  the  low  temperatus^ 
antimony  gives  a  channellednspace  spectrum.    In  t\iQ  i^t^i^i)^  ^x^kscv- 
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Hed  merely  absorption  in  the  blue ;  and  this  is  the  only 
,e  effects  at  a  high  tempcirature  were  inferior  to  those  a* 
As  the  purity  of  the  metal  first  employed  may  be 
aee  fan  be  placed  on  those  exceptional  resulta. 

Biimvih. 

litest  thickness  the  absorption  of  bismuth  is  strikingly 
F  iodine  at  a  dull  red  heat.  We  have  first  a  bank  of 
;)tion  in  the  blue  with  a  sharp  boundary  on  the  lesa 

I  and  then  a  chaunellcd-space  absorption  throughout  the 

It  of  the  spectrum  reaching  to  D. 

Ltad. 
irst  caused  an  absorption  at  both  ends  of  the  spectrum  ; 
.8  the  whole  spectrum  was  extinguished.     As  this  is  a 
;  metal,  special  care  was  taken  to  prove  that  a  lai;ge 
V8  present. 

Thallium. 
D  Mr.  Crookes  for  a  generous  supply  of  this  metal. 
e  of  thallium  was  obsencd  liriyht,  the  light  of 
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was  broken  up  and  disappeared,  leaving  a  continuous  channelled-spaoe 
spectrum. 

These  experiments,  made  at  the  Boyal  Mint,  were  often  prolonged  for 
many  hours  consecutively.  Thej  involved  much  furnace-work  of  a  pecu- 
liarly trying  nature ;  and  we  have  much  pleasure  in  acknowledging 
the  assistance  we  received  from  Mr.  Edward  Bigg,  one  of  the  assistant 
assayers,  who  conducted  many  of  the  tedious  manipulations  with  great 
skill  and  patience.  We  should  also  mention  that  the  care  exercised  by 
Joseph  Groves,  senior  fireman,  in  the  preparation  of  the  furnace  and  the 
lime-moulds,  contributed  in  no  small  measure  to  the  success  of  the 
experiments. 

It  appears  to  us  that  these  experiments,  conducted  at  the  high  tem- 
perature of  the  oxyhydrogen  flame,  go  far  to  support  the  conclusions 
which  were  drawn  from  the  experiments  at  a  lower  temperature.  First, 
in  passing  from  the  liquid  to  the  most  perfect  gaseous  state,  vapours  are 
composed  of  molecules  of  difEerent  orders  of  complexity ;  and  second, 
this  complexity  is  diminished  by  the  dissociating  action  of  heat,  each 
molecular  simplification  being  marked  by  a  distinctive  spectrum.  There 
is  also  an  intimate  connexion  between  the  facility  with  which  the  final 
stage  is  reached,  the  group  to  which  the  element  belongs,  and  the  place 
which  it  occupies  in  the  solar  atmosphere. 


m.  ''  On  the  Liquation^  Fusibility,  and  Density  of  certain  Alloys 

of  Silver  and  Copper.''     By  W.  Chandler  Roberts,  Chemist 

of  the  Mint.    Communicated  by  Dr.  Percy,  F.R.S.    Received 

March  11,  1875. 

(Abstract.) 

The  author  states  that  the  most  remarkable  physical  property  of  silver- 
copper  alloys  is  a  molecular  mobility,  in  virtue  of  which  certain  combina- 
tions of  the  constituents  of  a  molten  alloy  become  segregated  from  the 
mass,  the  homogeneous  character  of  which  is  thereby  destroyed.  These 
irr^ularities  of  composition  have  long  been  known,  and  reference  is 
made  to  them  in  the  works  of  Las^arus  Erckem  (1650)  and  of  Jars 
(1774).  A  very  complete  memoir  was  published  in  1852  by  Level,  who 
did  much  towards  ascertaining  the  nature  and  defining  the  limits  of  this 
molecular  mobility.  He  discovered  the  important  fact  that  an  alloy  con- 
taining 71*89  per  cent,  of  silver  is  uniform  in  composition.  Its  chemical 
formula  (Ag,  Cu,)  and  peculiar  structure  led  him  to  conclude  that  all 
other  alloys  are  mixtures  of  this,  with  excess  of  either  metal. 

The  electric  conductivity  of  these  alloys  was  studied  in  1860  by  Mat- 
thiessen,  who  doubted  the  accuracy  of  Level's  theory,  and  viewed  them 
as  '*  mechanical  mixtures  of  allotropic  modifications  of  the  two  metals  in 
each  other." 
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described  the  experiments  he  made  w"ith  a  view  to 
ting-points  of  a  series  of  these  alloya.     He  adopted 
tioii  of  the  boiling-point  of  zinc  (1040°  C.)  ae  the  basis 
1  ascertained,  by  the  method  of  miiturea,  the  mean 
IMS  o£  wrought  iron  between  0°  C.  and  the  meltbg- 
ifh,  as  Becquerel  showed,  is  the  same  as  the  boiling- 

Lree  experiments,  which  were  closely  in  accordance, 
e  specific  heat ;  and  it  should  be  pointed  out  that  this 
lid  ueutrali/*a  several  errors  which  would  affect  the 
(sffjueut  determinations. 

ritsof  several  alloys  were  then  determbed  by  plunging 
:>  theiii  and  transferring  the  iron  to  a  calorimeter.  Thesa 
ied  from  840°  C.  to  1330°  C,  or  through  a  range  o£ 
,-s  which  occupy  the  lowest  portion  of  the  curve  con-         ; 
1  per  cent,  of  silver.     The  results  ore  interesting,  as 
curves  of  fusibihty  and  electric  eondncUrity  are  very 

■a  that,  in  studying  the  phenomena  of  liquation,  the 
red-hot  moulds  of  firebrick  in  which  the  metal  (about 
iwly  and   uniformly  cooled.     The  results  showed  that 
F  LcvoI'b  alloy  is  slightly  disturbed  by  this  method  of 
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April  8,  1875. 

JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

Pursuant  to  notice,  the  Eight  Hon.  the  Earl  of  Carnarvon  and  the 
Bight  Hon.  William  Edward  Eorster  were  balloted  for  and  elected 
Fellows  of  the  Society. 

Pursuant  to  notice  given  at  the  last  Meeting,  Pierre  J.  van  Beneden 
of  Louvain,  Joseph  Louis  Francois  Bertrand  of  Paris,  Alfred  Louis 
Olivier  Des  Ooizeaux  of  Paris,  Hippolyte  Louis  Fizeau  of  Paris,  Elias 
Magnus  Fries  of  Upsal,  Jules  Janssen  of  Paris,  August  Kekule  of  Bonn, 
Gustav  Bobert  Kirchhoff  of  Berlin,  and  C.  Ludwig  of  Leipsdg  were 
balloted  for  and  elected  Foreign  Members  of  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "  First  Report  of  the  Naturalist  attached  to  the  Transit-of- 
Venus  Expedition  toKerguelen's  Island,  December  1874.'^ 
By  the  Rev.  A.  E.  Eaton.  Communicated  by  the  President. 
Received  March  15,  1875. 

To  the  Secretary  of  the  Boyal  Society, 

Boyal  Sound,  Kerg^elen's  Island, 
3lBt  December,  1874. 

Deab  Sib, — It  is  difficult,  owing  to  the  inexactness  of  the  charts,  to 
inform  you  of  tbe  positions  of  the  Astronomical  Stations  in  whose  neigh- 
bourhood I  have  been  able  to  work  in  this  island.    The  G^erman  Station 
is  in  Betsy  Cove,  the  American  at  MoUoy  Point,  Boyal  Sound.    The 
English  Stations  also  are  in  this  Sound,  the  second  being  situated  about 
three  miles  N.  by  W.  of  Swain's  Haulover.    The  first  English  Station  is 
between  these  last  two  on  the  mainland,  six  or  seven  miles  N.W.  of 
Three-Island  Harbour,  in  what  will  be  called  Observatory  Bay.    Two 
days  before  the  Transit  of  Venus,  a  party  under  Lieut.  Goodridge,  B.N., 
was  detached  from  the  first  English  Station  to  observe  the  transit  from 
a  position  which  he  selected  near  the  base  of  Thumb  Peak.    I  have  not 
yet  been  able  to  visit  Betsy  Cove. 

Observatory  Bay  is  one  of  the  minor  inlets  of  a  peninsula  comprised 
between  two  narrow  arms  of  the  sea.  One  of  these  runs  up  from  the 
sound,  along  the  western  fiank  of  the  hills  adjacent  to  Mount  Crosder, 
several  miles,  and  terminates  at  a  distance  of  three  or  four  hours  to  the 
north  of  us,  and  about  four  miles  from  the  inlet  near  Vulcan  Cove.  The 
other  arm,  opening  nine  or  ten  miles  away  to  the  southward,  proceeds 
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direction  to  within  three  or  four  milee  of  the  former, 
ice  from  Fotindry  Braacb. 
jts  of   the   eea,    numerous  fresbwater  lakes    present 

travelling.     Some  in  this  neighbourhood  are  two  or 
th,  but  in  general  they  are  not  more  than  a  mile  long, 
hallow,  and  appear  to  bo  uninhabited  by  fish.     Tbe 
n  this  vicinity  are  not  impassable,  but  can  be  traversed 
ry  care  be  taken. 

:  features  of  the  bindscape  are  tbe  basaltic  hills,  with 
of  rock  on  their  sides,  and  broken  cliffs  at  their  sum- 
;rass,  their  alopes  are  clothed  with  banks  and  houlder- 
rdla  ieln/jo,  excepting  whore  rich  damp  loam  affords  a 
he  Aextjia  and  the  Pringlta.     Here  and  there  a  fern 
asB  (Fatuea)  grow  in  the  interspaces  of  the  other 

Royal  Sound  is  far  warmer  and  drier  than  we  were 
uld  be.     In  November  the  weather  was  very  pleasant ; 
deteriorated,  though  the  snow  bos  not  again  covered 
did  when  we  first  arrived.      Probably  the  previous 
teorology  were  baaed  upon  observations  taken  in  parts 
^  bad  weather  prevails ;  or  it  may  be  that  the  con<lition 
winter  has  been  presumed  to  be  constant  throuRhout 
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bat,  protnbly,  some  of  them  do  not  cease  flowering  until  Ute  in  the  winter. 
When  we  first  arrived  in  Bojal  Sound  the  grouud  waa  oorered  with  snow, 
sod  scarcely  any  thing  had  b^irn  to  come  out.  The  I^ngUa  was  Ear 
advanoed  in  bud,  barely  commencing  to  blossom.  The  Aecsna  was  just 
beginning  to  burst  into  leaf.  About  the  first  week  in  NoTember,  Fi^uea 
Cootrii  came  out,  and,  a  few  days  later,  Azordla  idago.  The  young  fronds 
of  the  ferns  were  just  about  to  unroll.  In  the  third  week  of  the  some 
month,  MotUia  fontann  and  Aearui  affinii  were  in  flower  in  a  sheltered 
spot,  and  Ltptindla  plumoia  was  first  found  in  blossom.  OcUiwn  anlare- 
tieum  appeared  about  the  same  date.  A  week  later,  Sanuneulu*  hydro- 
phUua  and  a  Fatuea  (purpunucftu  ?)  were  out,  and  Lympodium  elavalum 
was  sprouting.  By  the  middle  of  the  month,  Trioida  and  LyaUia  ker- 
gueUtitia  and  also  Banancalui  erampa  were  in  flower ;  the  PringUa  was 
everywhere  past  flowering  (excepting  upon  the  mountains),  and  Aira 
antarctiea  began  to  shoot  forth  its  panicles.  Before  the  end  of  th»  month 
a  Cartx  came  out ;  but  Bulliarda  and  other  plants  delayed  still. 

A  few  species  of  Mammals  have  been  introduced  into  the  island. 
Mice  (evidently  Mxa  muwuiiu,  L.)  are  common  along  the  coast,  and  have 
been  found  by  ua  in  various  places.  The  Babbits,  transported  by  order 
of  the  Admiralty,  from  the  convict  settlement  in  Table  Bay  have  been 
landed  by  H.M.S.  *  Tolage '  in  Boyal  Sound.  They  share  with  the  birds 
holes  of  the  Petrels,  and  are  (it  is  almost  superfluous  to  mention)  pro- 
pagating freely.  Their  favourite  food  is  the  Aeama ;  but  they  occasion- 
ally eat  PringleaAe&y&s  and  gnaw  away  the  green  surface  of  Axordla. 
In  the  Crozettes,  whose  climate  and  flora  are  said  to  resemble  those  of 
this  island,  rabbits  have  become  extremely  abundant,  and  so  rank  and 
coarse  that  the  sealers  will  not  eat  them.  Goats  are  increasing  in  num- 
bers on  the  leeward  side  of  the  mainland. 

Whales  and  Porpoises  occasionally  enter  the  Sound.  Old  skulls  of 
the  latter,  wanting  the  lower  jaw,  are  cast  up  here  and  there  on  the 


Up  to  the  present  time,  I  have  captured  only  two  species  of  Seals — a 
female  Sea-Leopard  and  two  males  of  a  Platyrhine  Seal.  The  other  kinds 
frequent  the  more  open  parts  of  the  coast  and  islands. 

Twenty-two  species  of  birds  at  the  fewest,  perhaps  twenty-three,  fre- 
quent Boyal  Sound,  viz.  a  Ghionia,  a  Cormorant,  a  Teal,  a  Tern,  a  Gull, 
a  Skua,  eleven  (perhaps  twelve)  Petrels,  two  Albatrosses,  and  three  (per- 
haps four)  Penguins.  Of  these  I  have  procured  eggs  of  the  first  six ; 
also  of  six  Petrels,  one  Albatross,  and  two  Penguins.  The  Thalam- 
droma  are  preparing  for  laying. 

Fish  are  rather  scarce  in  Observatory  Bay.  Only  three  species  have 
hitherto  occurred  to  us,  two  of  which  are  common  under  stones  at  low 
water.  The  remains  of  a  Baia  have  also  been  picked  up  on  one  of  the 
islands  by  an  officer  of  the  '  Tolage  ;'  but  hardly  sufficient  is  left  to  enable 
the  species  to  be  determined.    It  is  allied  to  M.  Uavata  and  It.  raiiata. 


1 
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of  the  island  is  very  interesting.     Most  of  the  lajger 
ucftpable  of  flight.     I  have  found  repreeentativeB  of 
era,  Diptera,  Coleoptera,  and  Colembola. 
comprise  a  speciee  of  the  Noeiuina  (as  I  suppose)  and 
Of  the  first  I  have  not  yet  reared  the  imago;  the 
^r  and  Eiubtemmean  :  the  adult  is  probably  as  large 
iium  sise.     The  species  of  Titidna  is  probably  one  of 
ng  from  the  form  of  the  palpi.     Its  lan-a  feeds  on 
stuca,  and  sometimes  spins  a  silken  cocoon  for  the 
of  which  the  sexes  are  alike,  has  acute  and  very 
md  the  posterior  pair  extremely  minute.     In  repose 
iely  separated  and  almost  divaricate.     WTien  the  sun 
letive,  and,  if  alarmed,  jumps  to  a  distance  of  two  or 
me.     During  its  passage  through  the  air  the  »-ing8 

represented  by  species  of  the  TipulidiD  and  Muscidro. 
he  former  family.  One  of  them  is  a  email  species  of  the 
lie  abundant  in  mossy  places,  and  presents  no  marked 
icr  seems  to  be  a  degraded  member  of  the  Tipulids. 
ix  joints,  the  palpi  two ;  the  wings  are  ligulate  and  very 
;8  haltercs,  and  the  female  has  the  ovipositor  enclosed 
1.  Although  it  is  unable  loiiy,  it  lives  upon  roclis  in  the 
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along  the  shore  and  also  in  Shag-rookeries.  Its  linear  and  very  narrow 
wings  are  almost  as  long  as  the  abdomen.  It  can  jump,  but  cannot  fly. 
The  sexual  organs  are  retracted. 

A  Pidex  is  parasitic  upon  Ildlidroma^  and  one  (possibly  the  same 
species)  on  Diamedea  fuliginosa, 

Coleoptera  are  not  uncommon.  The  larger  species  seem  to  have  their 
elytra  soldered  together.    There  is  a  small  species  of  the  Brachyelytra. 

Several  species  of  Nirmiidas  have  been  obtained. 

Two  PocUwcB  (one  black,  the  other  white)  are  plentiful. 

There  appear  to  be  few  species  of  Spiders,  though  individuals  are 
numerous.  Penguins  and  some  of  the  other  birds  are  infested  with  Ticks. 
The  remaining  Arachnida  are  related  to  Crihates. 

The  Crustacea,  Annelida,  Mollusca,  and  Echinodermata,  in  this  part  of  the 
island,  have  probably  been  collected  by  the '  Challenger'  more  extensively 
than  I  have  been  able  to  do  ;  therefore  I  need  not  particularize  further 
about  them  than  to  state  that  Entoraostraca  abound  in  the  lakes;  an 
earthworm  is  common,  and  a  land-snail  is  very  plentiful  amongst  the  rocks 
on  the  hills.  This  last  appears  to  appreciate  comparative  heat,  for  speci- 
mens obtained  in  an  exposed  place,  during  the  frosty  weather,  were  assem- 
bled together  for  warmth  under  the  drip  of  an  icicle. 

In  Observatory  Bay,  Coelenterata  are  not  numerous.  One  or  two 
species  of  ActiniidsB  on  the  rocks  and  Macrocystis-Toot&y  and  an  Byan- 
thid  in  mud,  are  the  only  Actinozoa  I  have  met  with.  The  Hydrosoa 
similarly  have  afforded  only  three  species — ^a  Corynid,  a  Campanulanan, 
and  a  SertulareUa. 

There  are  several  Sponges. 

With  the  exception  of  LimoseUa  aqwUiea,  and  perhaps  Agrostis  ant-' 
arctica,  1  have  obtained  all  the  flowering  plants  and  ferns  given  in  the 
*  Mora  Antarctica '  as  indigenous  to  the  island.  Besides  these,  Banun- 
eulus  hydrophHus  and  another  species,  a  CareXy  a  FetXwsa  (probably  F. 
pwtpvrascens ;  but  I  have  no  work  containing  descriptions  of  the  flower- 
ing plants),  Polypodium  vulgare,  a  fern  allied  to  Poli/podiumy  and  Cysto^ 
'  pterisfragilis  have  occurred  to  me.  There  is  also  a  plant  which  appears 
to  belong  to  the  Juncaceas.  Lycopodium  clavatum  and  L,  selago  are  com- 
mon about  here.  None  of  the  Mosses,  Hepatic®,  or  Lichens  have  been 
worked  out  as  yet ;  but  amongst  them  are  one  or  two  species  of  Oladonia^ 
and  some  examples  of  Lecanora  paleacea.  Eungi  are  represented  by 
Agaricus  (Psalliota)  arvensisy  Coprinus  atramentaritis,  and  a  peculiar  para- 
site on  AzoreUay  which  grows  out  from  the  rosettes  in  the  form  of  a  clear 
jelly,  which  becomes  changed  into  a  firm  yellowish  substance  of  indefinite 
form.  There  are  also  some  Sphofriacei  on  grass  and  dead  stems  of  plants. 
At  present  few  additions  have  been  made  to  the  marine  flora.  The  larger 
Algffi  in  Boyal  Sound  are  usually  not  cast  upon  the  shore  by  the  waves, 
and  I  have  almost  been  entirely  dependent  upon  grapples  thrown  ^m  the 
rocks  for  specimens  of  the  more  delicate  forms.    PolysipTumia  SuUivana 
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!aiir<i.ii  are  amongst  the  noveltleB.     A  large  number  ot 
aical  specimens  have  been  lost  through  my  inability 
1   in  time  without  assistance.     This  has    principally 
r  of  duplicates ;  but  in  one  instance  it  has  led  to  the 
-nuc  of  the  Petrels,  which  was  the  commonest  bird 
c  firat  arrived.    Fortunately  it  is  awell-known  speciea. 
h  is  announced  as  the  approximate  date  of  our  sailing 
sland.     Five  weeks  later  1  hope  to  arrive  at  the  Cape 
I'on  such  of  the  specimens  collected  as  require  only 

condition  if  I  keep  them  until  my  return  to  England, 
they  were  sent  with  the  others, 
1  am,  dear  Sir, 

Faithfully  yours, 

A.  E.  EATOir. 

:s   to   ascertain   the  Cause  of  Stratification   in 
ischargea  in  vacuo."     By  Wakben  Db  La  Rub, 
iJLLEa,  and  William  SpoirisweoDE.     Received 
,  1875. 
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over  the  due  rod  of  one  ceU,  and  dnwiag  the  silver  wire  of  the  next 
cell  through  it  so  as  to  press  against  the  dnc.  The  closiiig  of  tbe 
cells  by  means  of  a  cork  prevents  the  evaporation  of  water,  and  not  only 
avcnds  this  serious  inconvenience,  but  also  contribut«8  to  the  efFectiveness 
of  the  insulation.  The  tubes  are  grouped  in  twenties  in  a  sort  of  test- 
tube  rack,  having  four  short  ebonite  feet,  and  the  whole  placed  in  a 
cabinet  2  ft.  7  in.  (78-74  centims.)  high,  3  ft.  7  in.  wide,  and  2  ft.  7  in.  deep, 
the  top  being  covered  with  ebonite  to  facilitate  working  with  tbe  appi^ 
ratns,  which  is  thus  placed  on  it  as  an  insulated  table. 

The  electromotive  force  of  the  bstterj',  as  compared  with  a  Daniell'a 
(gravi^)  battery,  was  found  to  be  aa  1'03  to  1*,  its  internal  resistance 
70  ohms  per  cell,  and  it  evolved  0*214  cub.  centim.  (0-0131  cub.  inches) 
mixed  gas  per  minute  when  passed  through  a  mixture  of  1  volume  of  sul- 
phuric add  and  8  volumes  of  water  in  a  voltameter  having  a  resistance  of 
11  ohms.  The  striking-distance  of  1080  elements  between  copper  wire  tep- 
minals,  one  turned  to  a  point,  the  other  to  a  flat  surface,  in  air  is  ^^  inch 
(0'096  millim.)  to  ^j^  inch  (0*1  millim.).  The  greatest  distance  through 
which  the  battery-current  would  pass  continuously  in  vacuo  was  12  inches 
(30*48  centims.)  between  the  terminals  in  a  carbonic  acid  residual  vacuum. 
This  battery  has  been  working  since  the  early  part  of  November  1874, 
witii,  practically,  a  constant  electromotive  force. 

Besides  2000  more  cells  like  those  jnst  described,  we  are  putting 
together  2000  cells,  with  the  chloride  of  silver  in  the  form  of  rodp, 
which  are  cast  on  the  flattened  silver  wires,  aa  in  a  battery  described 
by  Do  La  Bue  and  MiiUert,  but  in  other  respects  aimilai*  to  tbe 
battery  above  described,  the  glass  tubes  being,  however,  somewhat  larger 
in  diameter ;  the  roda  of  chloride  of  silver  are  enclosed  in  tubes  open 
at  the  top  and  bottom,  and  formed  of  vegetable  parchment,  the  object  of 
these  vegetable-parchment  caaea  being  to  prevent  contact  between  the  rino 
and  chloride-of-ailver  rods.  The  internal  reaiatance  of  batteries  so  con- 
structed is  only  from  2  to  3  ohms  per  cell,  according  to  the  distance  of  the 
«inc  and  chloride-of- silver  rods,  and  they  evolve  from  3  to  4*5  cub.  centims. 
(0*18  to  0'27  cub.  inch)  per  minute,  in  a  voltameter  having  a  resistance 
of  II  ohms.     Their  action  is  remarkably  constant. 

For  the  experiments  detailed  below,  vacuum-tubes  were  generally  used 
of  about  1  j  to  2  inches  (3-8  to  5  centims.)  in  diameter,  and  from  6  to  8  inches 
(15-34  to  20-32  centima.)  long ;  alao  prolate  apheroidot  veasels  6  inches 
by  3  inchea  (15-24  by  7*62  centims.).  The  terminals  are  of  various 
forms,  and  from  4  inchea  to  S  inchea  (10*16  to  16-24  centama.)  apart,  and 
made  of  aluminium  and  occasionally  of  magneaiiun  and  of  palladium, 

*  Compared  with  s  Dtmiell's  bttttery,  in  which  the  tine  it  immerMd  in  dilute  iul- 
phnrie  add  in  A  poroiu  cell,  its  electromotive  fores  is  about  3  per  cent,  les*  tlun  the 
DuieU. 

t  Jounwl  of  the  Chem.  Soc.,  Zod  leriM,  vol.  vi.  p.  488 ;  Conplea  B«ndiu,  1868. 
p.7»4. 
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some  curious  phenomona  with  &  hydrogen  residual 

be  described  in  &  future  paper.     A  tube  which  has 
king  residts  is  8  inches  cao-3L»  centims.)  long,  and  haa 
inium  ringa  varying  in  diameter  from  |  of  an  inch  to 
h  (0-05  to  3-17  ceotims.),  thu  thic-kneas  of  the  wire 

6  centiin.)  of  an  inch  ;  the  rin^  are  a  little  more  than 
ms.)  apart;  and  connecting  wires  of  platinum  pa«a 
om  each  ring  and  permit  of  the  length  and  other  condi- 
■ge  being  varied, 

■minals  of  the  battery  were  placed  in  connexion  with 
Terent  kiuda^for  instance,  two  spheres  of  13  inches 

diameter,  presenting  each  a  superficies  of  7'07  square 
Jecims.),  and  cylinders  of  paper  covered  with  tinfoil, 
tee  of  16  square  feet  (14S-6-1  square  dedms.);  the 

were  in  all  caaea  carefully  insulated.    Other  accumu- 
'^ed   of  coils  of   two  copper  wires    -^g   of  an    inch 
iameter,  covered  with  gutta  porcha,  in  two  folds,  3^ 
itim.)  thick.    One  coi!  contains  two  wires,  A  A'  and 

aide  by  side,  each  being  174  yards  (159  metres)  long, 
dres  cat^h  350  yards  (320  metres)  long ;  of  the  latter 
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selected  for  these  experiments  were  those  in  which  the  stratification  did 
not  appear  at  all. 

When  the  battery,  already  in  connexion  with  the  vacuum-tube,  was  also 
joined,  as  in  fig.  2,  on  to  one  or  more  coil-condensers  (coupled  to  introduce 
a  greater  length  of  wire)  in  the  following  manner,  then  immediately  well- 
defined  stratifications  appeared  in  the  vacuum-tube. 

Fig.  2. 


SZ  represents  the  battery,  V  the  vacuum-tube,  C  the  coil-condenser ;  one 
terminal  is  connected  with  the  end  A  of  the  wire  A  A',  and  the  other  terminal 
with  the  end  B  of  the  second  wire  B  B';  connexions  are  also  led  to  the  wires 
of  the  vacuum-tube.    The  ends  A!  and  B'  are  left  free ;  and  it  is  clear 
that  the  coil  forms  a  sort  of  Leyden  jar  when  thus  used :  an  interyaly 
however  short  it  may  be,  must  elapse  in  accumulating  a  charge  which  at 
intervals  discharges  itself  and  causes  a  greater  flow  in  the  vacuum-tube  in 
addition  to  that  which  passes  continuously.    It  may  be  stated  that  the 
capacity  of  the  accumulator  has  to  be  carefully  adjusted  to  prevent  any 
cessation  of  the  current,  to  avoid,  in  fact,  a  snapping  discharge  at  distant 
intervals.    The  periodic  overflows,  so  to  speak,  which  increase  the  current 
from  time  to  time,  would  seem  to  have  a  tendency  to  cause  an  interfer- 
ence of  the  current-waves,  and  to  produce  nodes  of  greater  resistance  in 
the  medium,  as  evinced  by  the  stratification  which  becomes  apparent.  To 
the  eye  no  pulsation  in  the  current  is  apparent ;  and  in  order  to  convince 
ourselves  whether  or  not  there  was  really  any  fluctuation  in  the  current 
when  the  apparatus  was  thus  coupled  up  with  the  battery,  we  made 
several  experiments^  and  ultimately  hit  upon  the  following  arrange- 
ment (fig.  3) : — 
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secondary  wire  o£  the  coil  too  feeble  to  produce  anj  illuiimiatioQ,  Fending 
the  farther  development  of  our  inveetigation,  we  have  ventured  to  give  an 
account  of  our  progress  in  elucidating  some  points  in  the  theory  of  the 
vacuum-discharge,  without  any  wish  to  ascribe  to  our  results  more  waght 
than  they  deserve. 

Fig.  4. 


Batteries  o£  this  description  may  be  had  from  Messrs.  Tieley  and 
Spiller,  Brompton  £oad.  Their  coat,  in  large  numbers,  is  about  one 
shilling  per  cell,  exclusive  of  the  charge  of  chloride  of  silver,  which  costs 
about  two  shillings  per  cell.  The  latter,  either  in  the  form  of  powder 
or  of  rods  cast  upon  flattened  silver  wire,  may  be  obtained  from  Messrs. 
Johnson  and  Matthey,  Hatton  Garden.  When  the  battery  is  exhausted 
the  reduced  silver  may  be  readily  reconverted  into  chloride,  with  scarcely 
any  loes. 

April  15,  1875. 
JOSEPH  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 
The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
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■lopmciit  of  the  Teeth  of  Fishes  (Elasmobranchii 
i)."  By  Charles  S.  Tomes,  M. A.   Commumcated 
MEs,  F.R.S.     Received  March  1,  1875. 

(Abstract.) 
een  supposed  that  the  whole  process  of  the  develop- 
iu  tQfiny  fish  might  bo  takeu  to  represent  the  earlier 
■  process  as  it  ia  seen  in  man ;  this  opinion  is  forcibly 
lessor  Owen,  who,  for  eiample,  eays  of  the  sharks, 
ted  the  first  and  transit^jry  papillnry  stage  of  dental 
immals  ;  and  the  simple  cartilaginous  masdllary  plate, 
ve  behind  containing  the  germinal  pnpillse  of  the  t«eth, 
,  a  magnified  representation  of  the  earliest  condition  of 

of  the  human  embryo." 

in,  already  objected  to  by  Professor  Huxley,  I  eaiinot 
an  I  concur  with  the  statement  that  "  in  all  fish  the 
iplo  production  o£  a  soft  Tascular  papilla  from  the  free 
al  membrane." 

pen  groove  behind  the  jaws  of  cartilaginous  fish  is  iu 
t  is  to  say,  the  epithelium  of  the  jaw  passes  contiiui- 

the  (hecal  fold  of  mucous  membrane  which  lies  Uy- 
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dentiiie-papiUie,  of  » weU-morked  colunmar  epitlifiliuiii  (enunel^oellB);  and, 
behind  this  Isyer,  of  t  sort  of  flnelj  fibroas  tigiue  with  hnuched  oells,  utt, 
however,  reieinbling  that  known  u  the  reticulum  in  mammnHim  eoaiuel- 
(R-gans. 

In  young  specimena,  before  the  continuity  of  the  two  strnctuies  is 
interrupted  bj  the  presence  of  a  Up,  the  homolt^cal  identity  of  the  teeth 
and  the  dermal  spines  is  well  seen,  the  one  paaaing  into  the  other  in  an 
unbroken  series ;  the  teeth,  however,  even  at  an  early  period,  attwn  to  a 
much  latter  size  than  the  contiguous  dermal  spines. 

Amongst  osseous  fish,  my  obseryations  have  been  principally  made  npon 
the  perch,  pike,  eel,  haddock,  cod,  mackerel,  and  herring. 

Allowing  for  differences  of  detail,  which  must  necessarily  result  from 
the  varying  configuration  of  the  jaws,  &c.,  the  process  is  identical  in  all 
the  fish  which  I  have  examined,  and  ia  eimilar  to  that  which  I  have 
observed  in  reptiles. 

From  the  oral  epithelium  there  dips  down  a  process,  the  terminal  end 
of  which  becomes  transformed  into  an  enamel-organ,  the  contiguous  sub- 
jacent tissue  coincidently  becoming  developed  into  a  dentine-papilla. 

I  have  seen  nothing  which  could  be  called  a  "  free  papilla ;"  and  it  is  my 
conviction  that  free  papillie  at  no  time  exist  in  any  animal ;  but  it  is  pos- 
sible that  Professor  Owen's  statement,  that  "  in  ^  fishes  the  first  step  ia 
the  simple  production  of  a  soft  vascular  papilla  from  the  free  surface  of 
the  buccal  membrane,"  may  have  beeu  based  upon  appearances  such  u 
are  met  with  in  the  haddock,  in  which  fish  (in  certain  situations)  the 
tissues  surrounding,  and  lying  over,  the  forming  tooth-sac  do  become  ele- 
vated, so  that  on  the  surface  there  ia  a  papilliform  eminence  ;  this,  how- 
ever, is  quite  external  to  the  real  dentine-papilla,  and  is  altogether 
extraneous  to  the  tooth-aac,  which  does  not  make  up  one  fourth  of  its  bulk. 

^le  distance  from  the  surface  at  which  the  formation  of  the  tooth- 
sac  takes  place  aeems  to  be  variable,  differing  even  in  the  same  fish  in 
different  situationa. 

The  enamel -organs  of  the  eel  and  perch  are  peculiar,  con  aisting  mainly 
of  the  layer  of  "  enamel-cells ;"  over  the  apex  of  the  tooth  these  enamel- 
ceUs  are  three  times  as  large  as  over  its  sides,  the  transition  from  cells  of 
the  one  sise  to  the  other  being  abrupt,  and  not  gradual. 

Their  teeth  are  surmounted  by  tenninal  capa  of  enamel,  like  those  of  the 
newte  and  salamanders,  or  those  figured  by  Frofeaaor  Owen  upon  the 
teeth  of  "  Oanaerodai,"  a  new  genus  founded  upon  this  solitary  cha- 
racter ;  enamel  ia  abaent  from  the  sides  of  the  teeth,  or,  if  present,  is  in 
BO  ttiiD  a  layer  as  to  be  difficult  to  detect  with  certainty. 

ThuB  the  one  part  of  the  enamel-organ  appears  to  exercise  an  active 
function,  the  remainder  to  be  rudimentary;  and  the  position  of  the  enamel- 
cells  of  large  size  coinciding  with  the  distribution  of  the  enamel,  ia,  so  far 
aa  it  goes,  evidence  in  favour  of  the  hypothesis  of  the  formation  o£ 
enamel  by  direct  conrereion  of  the  cells. 


Mr.  T.  B.  Thorpe  on  the 
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■st  correctly  determined  the  homologies  of  the  enamel- 
■ine-papilla,  referring  the  first  to  the  epithehum,  the 
T  the  follicle,  however,  where  it  exists  at  all,  I  regard 
liry  development  from  that  region  of  the  derm  which 
I  the  dentiiie-germ. 
Vn  many  mammals,  reptiles,   and  fishes  lead  me  to 

d  conclusions  as  to  the  development  of  teeth ; — 
Brms  whatever  consist,  in  the  first  instance,  of  two 
lie — the  dentine-papilla  and  the  enamel-organ. 

a.  enamol-orgaii  ia  wholly  independent  of  the 
;  of  enamel  upon  the  teeth ;  examples  o£  this  have 
I  Professor  Turner  and  by  myself  among  mammalia, 

g  reptiles  and  fishes. 
Istities  the  arbitrary  division  into  "  papillary,"  "  folli- 
s ;  nor  does  any  open  primitive  dental  groovej 
I  any  animal  examined. 

,  an  active  ingrowth  of  a  process  of  the  oral  epi- 

wards  into  aohd  tissue,  ia  the  first  thing  distinguish- 
I  formation  of  a  deotine-papill.a,  opposite  to  its  deepest 
;ii  with  the  diivt'lopuient  of  its  c<ccal  end  inlo 
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28'6  and  12-2 ;  when  they  are  attached  by  only  one  combining  unit,  their 
specific  volumes  are  22-6  and  7-8. 

FhospboniB  ia  regarded  by  certAin  chemists  as  invaritdily  a  triad; 
others  maintain  that  it  is  sometimes  a  triad,  at  other  times  a  pentad.  In 
the  trichloride  it  is  a  triad,  in  the  oxychJoride  and  thiochloride  it  is  a 
pentad.  According  to  this  riew,  the  two  latter  compounds  possess  the 
folloiring  constitution : — 

a  a 

I  I 

CI— P=0  C1-P=S 

I  I 

a  ci 

If,  howoTer,  phosphorus  is  invariably  tri\'alent,  the  oicychloride  and 
thiochloride  must  possess  the  formulie 


a  CI 

It  is  possible  to  decide  between  the  two  modes  of  representing  the 
constitution  of  these  compounds,  if  it  be  granted  that  the  variation  in  the 
specific  volume  of  oxygen  and  sulphur  is  due  to  the  manner  in  which 
these  elements  are  held  in  union.  For,  if  the  phosphorus  in  the  oxjchlo- 
ride  and  thiochloride  be  quinquivalent,  the  oxygen  and  sulphur  must 
possess  the  greater  of  the  two  values,  since  both  their  combining  units 
are  united  to  the  phosphorus  ;  if,  on  the  other  hand,  phosphorus  be 
trivalent,  the  oxygen  and  sulphur  must  possess  the  smaller  of  the  two 
^-alues. 

The  author  has  determined  the  specific  gravity,  boiling-point,  and  rate 
oE  expansion  of  P  01,,  P  0  CI,,  and  P  S  Clj,  in  order  to  ascertain  the  spe- 
cific volume  of  the  oxygen  and  sulphur  in  the  two  latter  compounds,  and 
consequently  the  chemical  value  of  the  phosphorus ;  and  he  finds  that 
the  specific  volumes  of  the  oxygeu  and  sulphur  are  almost  identical  with 
the  values  given  by  Eopp  for  these  elements  when  "  without  the  radicle." 
It  would  therefore  appear  that  the  ojychloride  and  thiochloride  must 
possess  the  constitution 

CI  a 

p_o-ci  p-s-a 

a  CI 

and  that  the  phosphorus  in  these  bodies  is  to  he  regarded  as  n  triad. 

The  author  concludes  by  discussing  Buffis  hypothesis,  that  the  specific 
volume  of  an  element  varies  wth  its  chemical  value ;  and  he  shows  that, 
in  the  case  of  phosphorus,  there  ore  no  reasons  for  the  belief  that  this 
element  has  a  variable  specific  volume. 


Presents.                                  pHar.  i, 

PrtsenU  rtuived,  March  4,  1875. 
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The  Author. 
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the  Action  of  Heat  on  Saline  Solutions.      [Apr.  22, 

AprU  22,  1875. 

EVANS,  Esq.,  Vice-President,  in  the  Chair. 

)ii.  EuBsell  Gnrney,  Q.C.,  whose  certificdte  bad  beon  sns- 
icribed  by  the  Statutes,  was  eWted  a  Fellow  of  the 

received  were  laid  on  the  table,  and  thanlta  ordered  for 

:  Papers  were  read  : — 

Action   of  Heat   on   the  Absorption-Spectra  and 
Constitution  of  Saline  Solutions."      By  Walteb 
BTLEY,  F.C.S.,  DemonBtrator  of  Chemistry,  King^'B 
jondoQ.     Communicated  by  Prof.  Stokes,  Sec.  R.S. 
March  10,  1875. 

(Abstract.) 

■  heat  on  nbsorpfion-spectm  were  recorded  in  the  preli- 
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rv. 

When  B  simple  salt  asBUmeB  one  or  more  deGnite  atatee  of  hydration  at 
different  temperatureB  below  100°  C,  the  hjdrated  compounds  A  and  B 
will  be  snccesBiTely  produced  in  the  liquid  atate  if  a  saturated  solution  of 
the  original  salt  be  heated  to  100°  C. ;  or,  in  other  words,  the  chemical 
conatitutioa  of  the  liquid  ia  altered  so  that,  as  higher  temperatures  are 
attained,  it  becomea  a  aolution  of  BubBt«Qce  A  or  of  substance  B,  at 
intermediate  temperaturea  mixtures  of  these. 


.  The  action  of  heat  on  the  violet  bydrnited  compounds  of  chromium  ia 
not  aimpl;  a  dissociation  of  water-molecules  or  of  add  &om  base,  but  a 
true  decomposition,  resulting  in  the  production  of  a  different  class  <A 
salts  with  different  generic  properties. 

Many  new  salts  were  prepared  for  this  work,  and  others  were  examined 
with  greater  care  than  had  previously  been  bestowed  on  them;  from 
these  Bubstances,  indeed,  the  most  important  part  of  the  results  were 
derived. 


II.  "On  Attraction  and  Repulsion  resulting  &om  Radiation."^ — 
Part  H.  By  William  Cbookbb,  F.R.S.  fcc.  Eeceived 
March  20,  1875. 

(Abstract) 

This  is  the  second  part  of  a  paper  which  the  author  sent  to  the  Royal 
Society  in  August  1873.  The  author  commences  by  describiag  improve- 
ments which  he  has  made  in  the  Sprengel  pump,  and'in  various  acces- 
sories which  are  necessary  when  working  at  the  liigheat  rarefactions. 

Continuing  the  description  of  apparatus,  the  author  deacribea  different 
□ew  forms  which  enable  the  phenomena  of  repulsion  by  radiation  to  be 
observed  and  illustrated.  A  bulb  3  inches  in  diameter  is  blown  at  the  end 
of  a  glass  tube  18  inches  long.  In  this  bulb  a  fine  glass  stem,  with  a 
sphere  or  disk  of  pith  £c.  at  each  end,  is  suspended  by  means  of  a  cocoon- 
fibre.  The  whole  is  attached  to  the  Sprengel  pump  in  such  a  way  that 
it  can  be  perfectly  exhausted  and  then  hennetically  sealed.  Besides  pith, 
the  terminals  may  be  made  of  cork,  ivory,  metal,  or  other  substance. 
During  exhaustion  several  precautions  have  to  be  taken,  which  are  fully 
entered  into  in  the  paper.  To  get  the  greatest  delicacy  in  an  apparatus 
of  this  kind,  there  is  required  large  surface  with  a  minimum  of  weight. 
An  appuntus  construct«d  with  the  proper  precautions  is  so  sensitive  to 
beat,  that  a  touch  with  the  finger  on  a  part  of  the  globe  near  one  ertro- 
mi^  of  &e  pith  will  drive  the  index  round  over  W3P ,  'wVC^^  aS.  IiS&kni*  ». 
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1  (loedle  follows  &  maguet.     With  a,  large  bulb,  very  well 
containing  a  Biiapendeil  bar  of  pith,  a  somewhat  striking 
■ed  wLi3Q  a  lighted  candle  is  placed  about  2  inches  from  the 
ii  Imr  commencea  to  oadUatfl  to  and  fro,  the  awing  gradually 
amplitude  until  the  dead  centre  is  passed  over,  when 
e  revohitious  are  made.     The  torsion  of  the  suspending 
i  resistance  to  the  revolutiona,  and  the  bar  commences  to 
iposite  direction.     This  movement  is  kept  up  with  groat 
iilnrity  as  long  as  the  candle  buma. 

Cold  being  simply  negative  heat,  it  is  not  at  first  sight 
can  produce  the  opposite  effect  to  heat.     The  authiA-, 
ins  this  by  the  law  of  exchanges,  and  shows  that  attraction 
is  really  repulsion  by  radintion  falhng  on  the  opposite 
ng  to  the  same  law,  it  is  not  difficult  to  foresee  what 
ction  of   two   bodies,  each  free   to  move,   if    they   are 
o  one  aaolher  in  space,  and  if  they  differ  in  temperature 
ch  olher  or  from  the  limiting  walla  of  the  space.     The 
ur  typical  caaes,  with  esperiraents,  which  prove  bis  rea- 

tTOCt, 

are  described  with  the  object  of  ascertaining  whether  the 
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very  good.    A  ny  of  sunlight  allowed  to  fall  once  on  the  penduluia  will 
immediately  set  it  swinging. 

The  form  of  appamtuB  is  next  described  which  the  author  haa  fioally 
adopted,  as  combining  the  greatest  delicacy  with  facility  of  obtaining 
accurate  observations,  and  therefore  of  getting  quantitative  aa  well  aa 
qualitative  results.  It  con^ts  of  a  glass  apparatus  in  the  shape  of  an 
inverted  T,  and  containing  a  horlEontal  glass  beam  sospended  by  a  very 
fine  glass  thread.  At  the  extremities  of  the  beam  axe  attached  the  sub- 
stances to  be  experimented  on,  and  at  the  centre  of  the  beam  is  a  small 
mirror  from  which  a  ray  of  light  is  reflected  on  to  a  graduated  scale.  The 
advantage  which  a  glass  thr^  possesses  over  a  cocoon-fibre  is  tbat  the 
index  always  comes  accurately  back  to  zero.  In  order  to  keep  the 
luminous  index  at  cero,  except  when  experiments  are  being  tried,  extreme 
precauti<m8  must  be  taken  to  keep  all  extraneoua  radiation  from  acting  on 
the  torsion-balance.  The  whole  apparatus  is  closely  packed  all  round 
with  a  layer  of  cotton-wool  about  6  inches  thick,  and  outside  this  is 
arranged  a  double  row  of  Winchester  quart  bottles  filled  with  water, 
spaces  only  being  left  for  the  radiation  to  &1II  on  the  balance  and  for  the 
index  ray  of  light  to  get  to  the  mirror. 

However  much  the  results  may  vary  when  the  vacuum  is  imperfect, 
with  an  apparatus  of  this  kind  they  always  agree  among  themselves 
when  the  residual  gas  is  reduced  to  the  minimum  possible ;  and  it  is  of 
no  consequence  what  this  residual  gas  is.  Thus,  starting  with  the  appa- 
ratus full  of  various  vapours  and  gases,  such  as  air,  carbonic  acid,  water, 
iodine,  hydrogen,  ammonia,  Ac.,  at  the  highest  rarefaction,  there  is  not 
found  any  difference  in  the  results  which  can  be  traced  to  the  residual 
gas.  A  hydrogen-vacuum  appears  the  same  as  a  water-  or  an  iodine- 
vacnnm. 

"With  this  apparatus  the  effect  of  exposing  a  torsion-balance  to  a  con- 
tinuous radiation  is  described,  and  the  results  are  shown  graphically.  The 
effect  of  a  short  (11-3  seconds)  exposure  to  radiation  is  next  described, 
and  the  results  are  given  in  the  form  of  a  Table. 

In  another  Table  is  given  the  results  of  experiments  in  which  a  constant 
source  of  radiation  was  allowed  to  act  upon  one  end  of  the  torsion-beam 
at  a  distance  of  140  or  280  millims.,  various  substances  being  interposed. 
The  sensitiveness  of  this  apparatus  to  heat-rays  appears  to  be  greater 
than  that  of  an  ordinary  thermo-multiplier.  Thus  the  obscure  heat^rays 
from  copper  at  100°,  passing  through  glass,  produce  a  deflection  on  the 
scale  of  3'25,  whilst  under  the  same  circumstances  no  current  is  detected 
in  the  thermo-pile.  The  following  substances  are  used  as  screens,  and 
the  deflections  produced  (when  the  source  of  radiation  is  magnesium 
wire,  a  standard  candle,  copper  at  400°,  and  copper  at  100")  are  tabu- 
lated:— 

Sock-salt,  20  millims.  thick;  rack-crystal,  42  millims.  thick;  dark 
smoky  talc ;  plate  glass  of  various  thickaeBses,  both  'n^Vbb  «sA  v^«xii!t.\  % 


■i^^l[l^^l 
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ining  8  millimB.  of  wat«r;  aplat«  of  alum  SmiiUma,  thick; 
illicis.  thii'k  ;  aiumomo-sulphate  of  copper,  opaque  to  rays 

(jpaqiie  to  rays  below  G. 
onsiders  that  these  e\perimenta  show  that  the  repulsion 

due  to  the  raya  usually  called  heat,  i.  e.  to  the  entreiiia 
f  the  spectrum.     Experiments  have  been  tried  with  the 
'  .solar  spectrum  formed  with  a  quartz  train,  which  prove 
also  exerted  by  the  luminous  and  ultra  violet  rays.     Some 
have  been  obtained ;  but  unfavourable  weather  has  pre- 
jsGr>*atioiiB  being  made  «ith  the  solar  spectrum, 
ric  position  of  the  neutral  point  dii'iding  attraction  from 
(t  discussed.     The  position  of  this  point  varies  with  the 
>i:bslunce  on  which  radiation  falls,  the  ratio  of  its  mass  to 
-adiating  and  cou ducting-power  for  heat,  the  physical  con- 
i-face,  the  kind  of  gas  filling  the  a]>punitu3,  the  intensity 
.1  the  temperature  of  the  surrounding  atmosphere.     The 
cd  to  belieie  that  the  true  action  of  radiation  ia  repulsion 
,  and  that  the  attraction  observed  wheu  the  rarefaction  ia 
'ral   point  is  caused   by  some  modifying  circumstances 

the  surrounding  gas,  but  not  being  of  the  nature  of  air- 
point  for  a  thin  surface  of  pith  being  low,  and  that  for 
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perfectly  exhausted  apparatuB,  vut.  it  was  repeUed  by  beat  of  low  inteu- 
rity  and  attracted  by  cold.  A  Bunilar  experiment  was  next  tried,  only 
water  was  placed  in  the  bulb  before  exhaustion.  The  vater  wae  then 
boiled  away  tn  vacuo,  and  the  exhaustion  continued,  with  frequent 
heating  of  the  apparatus  to  dull  redness,  for  about  48  hours.  At 
the  end  of  this  time  the  bar  of  aluminium  was  found  to  behave 
exactly  the  same  as  the  one  in  the  former  experiment,  being  repelled  by 
radiation. 

It  is  impossible  to  coaceive  that  in  these  experiments  sufficient  c<hi- 
densable  gas  or  vapour  was  present  to  produce  the  effects  Prof.  Osborne 
Beynolds  ascribes  to  it.  After  the  repeated  heating  to  redness  at  the 
highest  attainable  exhaustion,  it  is  impossible  that  sufficient  yapoor  or 
gas  should  condense  on  the  movable  index  to  be  instantly  driven  off  by 
the  warmth  of  the  finger  with  recoil  enough  to  drive  backwards  a  heavy 
piece  of  metal. 

While  objecting  to  the  theories  already  advanced  as  not  accounting 
for  all  the  facts  of  the  case,  the  author  confesses  that  he  ia  uot  as  yet 
prepared  with  one  to  put  in  their  place.  He  wishes  to  avoid  giving  any 
theory  on  the  subject  until  a  sufficient  number  of  facts  have  been  accumn- 
lated.  The  facts  will  then  tell  their  own  tale.  The  conditions  under  • 
which  they  invariably  occur  will  give  the  laws,  and  the  theory  will  follow 
without  much  difficulty. 

Supplement.     Received  April  20,  1875, 

Since  the  experiments  mentioned  in  the  foregoing  Abstract  were  con- 
cluded, the  anthor  has  examined  more  fully  the  action  of  radiation  on 
black  and  white  surfaces.  At  the  highest  exhaustion  heat  appears  to 
act  almost  equally  on  white  and  on  lomphlacked  pith,  repelling  them  in 
about  the  same  degree. 

The  action  of  the  luminous  rays,  however,  is  di&reut.  These  repel 
the  black  surface  more  energetically  than  they  do  the  white  surface. 
Taking  advantage  of  this  fact,  tbe  author  has  constructed  an  instrument 
which  he  calls  a  radiometer.  This  consists  of  four  arms,  suspended  on 
a  steel  point  resting  on  a  cup,  so  that  it  is  capable  of  revolving  hori- 
zontally. To  the  extremity  of  each  arm  is  fastened  a  thin  disk  of  pith, 
lomphlacked  on  one  side,  the  black  surfaces  facing  the  same  way.  The 
whole  is  enclosed  in  a  glass  globe,  which  is  then  exhausted  to  the  highest 
Kttunable  point  and  hermetically  sealed. 

The  author  finds  that  this  instrument  revolves  under  the  infiuence  of 
radiation,  the  rapidity  of  revolution  being  in  proportion  to  the  intensity 
of  the  incident  rays. 

Several  radiometers,  of  various  constructions  as  regards  details,  but  all 
depending  on  the  above-named  discovery,  were  exhibited  by  the  author  at 
tbe  Soirte  of  the  Boyal  Society  on  the  7th  uat.,  and  uonuawuk  «e\kcvd»»Aa 
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I.  "  Some  ParHcnlam  of  the  Traasit  of  Venai  across  the  Sao, 
1874,  Dec.  9,  observed  on  the  Himalaya  Mountaiiu,  Mus- 
Boorie,  at  Mary  Villa." — Note  II.j  with  Appendix.  By  J.  B. 
N.  Hennbsset,  F.R.A.S.  Commaaicated  by  Prof.  STOua^ 
Sec.  R.S.     Receiyed  January  II,  1875. 

1.  The  instrumenta  used  were  the  following : — 

An  altazimuth  hj  Troughton  and  Simms,  with  ao  azimuth  circle  of  8 
inches  diameter  read  by  three  verniera,  and  a  complete  Tertical  circle,  aUo 
of  8  inches,  read  by  two  Yemiers,  The  circles  are  divided  to  every  10'  of 
arc,  and  the  TemierB  afford  readings  to  10",  or  by  eotimatiou  to  at  leaat 
5".  The  instrument  ia  well  provided  with  spirit-levels  surmomited  by 
scales.  The  altazimuth  was  used  for  fixing  the  station  of  observation 
and  for  determining  time. 

A  mountain  barometer. 

A  thermometer. 

Four  chronometers,  viz. : — Dent  2047,  used  as  a  Jownet/man  chrono- 
meter, and  packed  in  wool  in  a  wooden  boi  by  itself ;  Barraud  886,  Dent 
2776,  and  Arnold  and  Dent  768,  were  the  thrte  fixed  chronometers,  and 
were  placed  in  the  same  case  within  a  room  where  the  temperature  had 
only  a  moderate  diurnal  range  (probably  under  8°).  The  latter  case  was 
also  well  padded  with  wool  and  hemp,  and  these  chronometers  were 
never  moved  between  4th  and  10th  December. 

The  equatoreal  has  already  been  suifidently  described  in  Not«  No.  I. 

2.  The  point  over  which  the  equatoreal  stood  is  called  Venus  Station, 
Its  coordinates  are  as  follows,  and  were  determined  by  angles  from  two 
known  p(Hnta  fixed  by  the  Great  Trigonometrical  Survey  of  India,  viz, 
Osmel's  Back  and  Vincent's  Hill  Stations  : — 

FetwM  Station. 
Latitude  N 30°  27'  36"-3 

{78"   3'   3"  "2 

Height  above  sea 6765  feet. 

3.  Time  was  determined  iram  the  senith-distances  of  a  Tauri  (east) 
and  a  Aquilte  (west),  when  these  store  were  (nearly)  on  the  prime  ver- 
tical. As  a  rule,  four  pairs  of  zenith-distances  were  taken  to  each  star — a 
pair  consisting  of  one  observation-instrument  ianx  east  and  another  faco 
west,  taken  in  rapid  succession.  The  chronometer-time  for  each  obser- 
vation was  obtained  from  transits  over  five  horizontal  wires ;  the  result- 
ing chronometer-error  by  etuh  pair  was  computed.  The  joumeymaa 
chronometer  was  compared  with  the  three  fixed  chronometers  before  and. 
after  observation,  and  the  errors  and  rates  of  tbfi  \aIA«E  '««c«  Wsia  &^ubc- 
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There  is,  however,  an  mcongmity  in  (4) ;  for  in  this  reductaon  the  longi- 
tude of  Venus  Station  is  taken  eaat  of  Greenwich  hj  5^  12"  1S^2ibH, 
the  origin  for  Indian  longitude  being  adapted  at  5^  20"  57*'3  E.  for 
Madras  Obaervatory.  In  reality,  however,  H  refers  not  to  the  loeal 
meridian  necessarily  adopted  in  (2),  but  to  a  concluded  meridian  of  origin 
adopted  for  the  principal  triangulation  of  the  Great  Trigonometrical 
Survey  at  Kalianpur,  whereas  the  times  (2)  refer  to  .the  local  meridian, 
as  already  stated.  Denoting  the  value  of  H  corresponding  to  the  local 
meridian  by  H„  wo  may  fifid  (nearly)  H,  — Hs;V  thus: — Let  A,  denote 
the  azimuth  of  a  terrestrial  point  P  as  determined  by  observations  to  a 
circumpolar  star  about  its  elongation,  and  A,  the  corresponding  value  aa 
brought  up  by  the  triangulation  from  the  concluded  meridian  of  origin ; 
bIbo  let  A,— A, ^a",  and  let  X  stand  for  the  latitude  of  F;  then  it  can  be 
seen  that,  as  a  correction  to  (4), 

A"=i  ^Z~.  cosec  X. 

Now  a"  is  not  known  at  Yenua  Station;  but  at  Baiiog  Station,  distant 
2-9  miles  W.N.W.,a"=  —  14"-54.  Adopting  this  value,  we  find  A'=+l"'9, 
and  the  fnu  Greenwich  mean  times  of  contact  become 


•1 


let  internal  contact    14  17 

2nd      „  , 18     6  32-6  }.....  (6) 

2nd  external     , 18  32  49-6  J 

The  results  (5)  are  given  in  supercession  of  (4). 

Deh™  Doon,  ITtli  Dec,  1874, 

[The  "  better  sketch  "  referred  to  in  the  author's  footnote  to  Note  No.  I. 
(p.  256)  arrived  in  time  to  appear  in  that  Note,  and  is,  in  fact,  the  sketch 
from  which  the  woodcut  on  p.  257  was  copied, — G.  G,  S.] 

"  Appendix  to  Notes  on  Transit  of  Venus  across  the  Son." 
Received  January  II,  1875. 

After  posting  my  Note  No.  I.,  describing  the  phenomena  I  had  ob- 
served at  Mussoorie,  I  received,  on  12th  December,  1874,  a  commonic^ 
tionfrom  my  friend  theBev,  H,  D.  James,  M.A.,  describing  briefly  what 
he  had  seen  at  his  station  of  observation.  In  reply  I  made  inquiry  on 
some  additional  points,  to  which  he  replied  on  14th  inst.,  so  that  his 
letter  has  just  reached  me.  Mr.  James  was  located  at  ChakratA,  on  the 
Himalaya  Mountains,  at  a  height  of  7300  feet  above  the  sea,  in  lat.  S. 
30°  43',  long.  E.  77°  64'.  His  station  is  distinctly  visible  from  Mussoorie 
on  a  clear  day.  The  following  facts  are  taken  from  his  letters  abov« 
mentioned,  and  appear  to  deserve  being  reootdeA,  moM  v^^^^i^ra^K^^Kn^ 


1 

-Ir.  J.  B.  N.  Heiiiiesaey  on  the               [Apr.  29, 

it  but  few  obeervers  of  the  transit  are  likely  to  hsve 
denible  heights  above  the  sea. 

teudi?d  by  his  aoii  Henry,  a  young  gentleman  with 
B  ami  a  commendable  spirit  of  inquiry.     The  inatru- 
jW)[ie  by  Smith  and  Beck,  the  property  of  Mr.  James  ; 
s  aod  its  focal  length  4  feet ;  at  ingress,  eyepiece  60- 
•utral  tint ;  at  egress,  eyepiece  100-power,  and  field 
he  used  his  pocket-watch,  which  has  a  secouds-hand. 
considerably,  perhaps  a  minute  in  12  hours." 
fcember,  1874,  Mr.  James  states  :— 
V'enua)  was  about  halfway  on  (at  ingress)  the  sun  we 
'  of  white  Ught  illuminating  that  rim  of  the  planet 
B  dark  sky.     When  she  went  off  we  noticed  the  same 
"or  a  much  ahortcT  time,  and  when  only  about  one 
ssed  the  Sim's  disk." 
if  contact  were  as  follows  : — 

h   in      a 

utemal  contact   7  41  20 

11  30  15 

L>xt*rual     „         11  67  25 

le  pri'coding,  I  wrote  to  Mr.  James,  as  already  men- 
ly  lliiit  my  view  rtwrnbltMl  his  ;  that  I  had  seen  a  ring 
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tact  ceased,  the  end  of  the  oral  seemed  as  it  vera  adhering  to  the  mn's 
edge,  and  could  not  get  &ee,  randering  it  difficult  to  decide  when  the  con- 
tact ceased.  Another  impediment  in  tlie  way  of  accurate  timing  was,  that 
the  outline  of  Venus  looked  woolly  and  wave-like,  trom  a  vary  annojing 
tremor  in  the  ur.  Hence  the  notes  we  eoitered  were, '  Intenial  contact 
ceased  7*  41"  20*,  quite  clear  7'  42".'  As  to  the  ligament  which  seemed 
to  knit  the  two  edges  together,  I  am  disposed  to  attribute  it  B(^y  to  the 
billowy  motion  of  the  planet's  outline ;  for  it  had  a  hairy  appearance,  and 
sunlight  could  be  seen  through  it. 

"  In  timing  the  remaining  contacts  there  was  no  difficulty,  for  as  tlie 
sun  arose  Venus  appeared  to  diminish  in  size,  her  outline  becoming 
sharply  defined. 

"  At  egrtea  the  oval  shape  did  not  reappear ;  but  just  at  the  moment 
of  internal  contact  there  was  a  sort  of  flickering  movement,  as  if  the 
planet's  edge  had  touched,  withdrawn,  and  touched  again.  This  was 
at  11"  30-  Iff.  At  11*  33"  27",  when  nearly  one  eighth  of  her  orb  had 
crossed  the  border,  its  outline  was  for  n  brief  while  fringed  with  an 
edging  of  light. 

"  The  flickering  movement  just  mentioned,  evidently  an  ocular  illusion, 
induced  by  the  eye's  weariness  from  intent  garing,  was  again  noticed  at 
11"  57"  25',  when  the  external  contact  ceased." 

Writing  t^iMU   on   15th  December,  

1S74,  Mr.  James  enclosed  the  sketch 
given  in  margin,  remarking  in  his  letter, 
"  Whatlmeant  to  express  by  'ligament,' 
was  the  pcnnt  of  connexion  formed  by 
the  boundary  line  itself,  which  appeared 
adhesive  and  at  the  same  time  hury. 
The  dots  I  have  placed  at  the  point  are 
tcttAin  the  line.  I  saw  no 'block  drop,' if 
by  that  is  intended  any  thing  beyond  and 
attached  to  the  boundary  line  of  Venus. 
I  should  therefore  have  expressed 
m3rBelf  more  accurately  if,  instead  of 
'ligament,'  I  had  written  'the  point 
of  apparent  adhesion  looked  hairy.' " 

It  will  be  seen  that  both  Mr.  James 
and  I  observed  an  edging  of  light 
around  the  dark  limb  of  Venus,  and 
that  we  agree  that  it  was  quite  distinct 
at  ingress  and  less  plain  at  egress.  / 
saw  this  edging  decidedly  as  an  an- 
rmlu*,  and,  as  stated  in  Note  No.  I., 
it  was  contiimed  round  the  bright  "'  ™""*" 
limb.    The  complete  ring  thus  presented  to  V\ew  ^aa  is\%\s\^  ■».  ■s^»W« 


ired  817^41-20*,  *• 
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him,  actmg  upon  meronry  in  an  open  tnbe,  his  mstrnment  miut  be 
regarded  more  u  a  hanmetm-  than  as  a  meaiu  of  measuruig  the  tem- 
perature of  the  atmoiphere. 

M7  inBtrumeat  is  divided  into  two  portiona  : — lit,  the  thermometer, 
wiadk  marks  the  degrees;  Sndly,  the  clockvc^,  which  imdicatos  the 
hours  and  minutes. 

The  thennometer  shall  be  first  described.  The  form  in  which  it  «m 
originally  made,  and  which  perhaps  serves  beet  for  ilinstrating  the 
principle,  was  the  following  : — 

A  glass  bulb,  rather  more  than  an  inch  in  diameter,  ends  in  a  glast 
tube  12  inches  long,  having  a  bore  of  |  inch.  This  tube  is  coiled  nmnd 
the  bulb  in  such  a  manner  as  to  form  a  complete  circle  4  inches  in 
diameter,  the  buib  being  in  the  centre  of  this  circle. 

Fixed  to  opposite  poles  of  the  bulb,  exactly  at  right  angles  to  tlw 
encircling  tube,  are  two  needle-pointed  pivots.  These  pivots  work  in 
minute  metal  depressions  fixed  to  the  sides  of  two  parallel  uprights. 

It  will  be  seen  from  this  arrangement  that  the  bulb  with  its  glass  tabo 
will  rotate  freely  between  the  uprights,  and  the  pivots  will  be  the  centra 
of  a  circle,  the  circumference  of  which  is  formed  by  the  glass  tuba. 

The  bulb  is  filled  with  spirit  in  such  quantity  that  at  60°  Fahrenheit 
the  spirit  will  fill  not  only  the  bulb,  but  about  4  inches  of  the  tube. 
Mercury  is  then  passed  into  the  tube  till  it  comes  into  contact  with  the 
spirit,  and  in  such  quantity  as  to  fill  np  about  3  inches  of  the  remaimng 
portion  of  the  tube. 

The  spirit  is  now  heated  to.  120°,  and  as  it  expands  forces  the  column 
of  mercury  in  front  of  it  till  the  mercury  comes  within  j  inch  of  the  end 
of  the  tube.  The  tube  is  then  hermetically  sealed,  enclosing  a  smaU 
quantity  of  air. 

If  the  thermometer  be  now  arranged  with  its  needle-points  between 
ttie  uprights,  it  will  be  observed  that,  as  the  spirit  contracts  on  cooling,  it 
draws  the  column  of  mercury  with  it.  This  immediately  alters. the 
centre  of  gravity,  and  the  bulb  and  tube  begin  to  revolve  in  a  direction 
opposite  to  that  of  the  receding  mercury. 

On  agun  applying  heat,  and  the  mercury  passing  fcowards,  the  bulb 
regains  its  original  position. 

By  this  simple  arrangement,  the  two  forces,  heat  and  gravity,  acting 
in  contrary  directions,  generate  a  beautifully  steady  rotatory  movement. 

The  method  by  which  this  movement  is  made  serviceable  for  moving 
the  renter  will  now  be  described. 

A  grooved  wheel,  2  inches  in  diameter,  is  fixed  to  one  of  the  centml 
pivots,  therefore  revolving  with  the  bulb.  Directly  above  and  at  a 
distance  of  7  inches  from  this  wheel  is  fixed  between  needle-points 
another  wheel  of  exactly  similar  size.  Around  and  between  these  two 
wheels  passes  a  minute  endless  chain. 


fixed  a  tiny  pencil,  wliich  will  be  carried  backwardB 

en  the  wheels  in  a  perpendicular  line. 

he  register  worked  by  the  thermometer. 

ortion  of  the  machine  is  bo  arranged  that  it  cauaea  a 

Round  tluB  cylinder  is  fixed  k  piece  of  paper  12incbGB 
Ou  the  paper  io  the  direction  of  its  greatest  length 
^  inch  apart,  each  indicating  1°  Fahrenheit.    Across 
angles  to  these  tines,  are  ruled  twenty-four  lines  in 
the  hoLiri  ;  between  these  three  others,  more  lightly 
irtera.     The  cylinder  ia  ao  placed  that,  aa  it  reTolyeB, 
paper  is  ^  of  an  inch  away  from  the  point  of  the 
Jig  at  right  anglea  to  its  surface. 

I  connected  with  the  clockwork  in  such  a  manner  that 
r  oftener  if  reqtiired)  it  gives  tbo  pencil  a  gentle  tap, 
int  against  tbo  paper. 

II  friction  of  the  moving  pencil  against  the  paper  is 
dex  is  marked  by  a  series  of  dots. 

ch  I  bring  before  the  Society,  the  arrangement  of  the 
loditied,  for  a  spiral  coil  of  glass  tube  is  made  to  take 
i  means  not  only  is  a  larger  surface  of  the  spirit 
,  making;  the  thprniomptir  more  delii'ate,  but  also  all 
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eominouly  employed  by  others.  Great  advantages  have  been  found, 
however,  to  result  from  the  adoption  of  the  equal  temperament  (E,  T.) 
semitone,  which  is  -j^  of  an  octave,  as  the  unit  of  interval.  It  is  the  unit 
most  familiar  to  musicians,  and  has  been  found  to  admit  of  the  expres* 
sion  of  the  theory  of  cyclical  systems  by  means  of  formulsB  of  the  simplest 
character.  The  Avriter  therefore  devised  the  following  rules  for  the 
transformation  of  ratios  into  E.  T.  semitones  and  vice  versd,  and  subse- 
quently found  that  De  Morgan  had  given  rules  for  the  same  purpose 
which  are  substantially  the  same  (Camb.  Phil.  Trans,  vol.  x.  p.  129). 
The  rules  obviously  depend  on  the  form  of  log  2.  The  form  of  the  first 
rule  affords  a  little  more  accuracy  than  De  liIorgan*s. 

Bule  I.  To  find  the  equivalent  of  a  given  vibrations-ratio  in  E.  T. 
semitones. 

Take  log  (ratio),  subtract  nn^,  and  call  this  the  first  improved  value. 

1  1 

From  log  (ratio)  subtract  «^  of  the  first  improved  value  and  joooo 

of  the  first  improved  value.  Multiply  the  remainder  by  40.  We  can 
rely  on  five  places  in  the  result. 

The  following  data  are  introduced  here  ;  they  can  be  verified  by 
numbers  given  in  "VVoolhouse's  tract : — 

Fifth = 7-01 9,550,008,654. 
Third=4  - -136,862,861,351. 

Five  places  are  ordinarily  sufficient. 

Sule  n.  To  find  the  ubrations-ratio  of  an  interval  given  in  E.  T. 
semitones. 

To  the  given  number  add  5^  and  jqqqq  of  itself.    Divide  by  40.    The 

result  is  the  logarithm  of  the  ratio  required.  We  can  rely  on  five  places 
in  the  result,  or  on  six,  if  six  are  taken. 

Ex,  The  E.  T.  third  is  4  semitones.  The  vibrations-ratio  found  as 
above  is  1-259921. 

Hence  the  vibrations-ratio  of  the  E.  T,  third  to  the  perfect  third 
is  very  nearly  126 :  125. 

Definitions, 

jRefj/ular  Sjfstenu  are  such  that  all  their  notes  can  be  arranged  in  a  con- 
tinuous series  of  equal  fifths. 

Regular  cyclical  systems  are  not  only  regular,  but  return  into  the  same 
pitch  after  a  certain  number  of  fifths.  Every  such  system  divides  the 
octave  into  a  certain  number  of  equal  intervals. 

Error  is  deviation  from  a  perfect  interval. 

Departure  is  deviation  from  an  E.  T.  interval* 
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II  upwards  are  called  poaitive,  taken  downwardB,  negiu 

liid  to  bo  0/  the  ith  ortUr,  positive  or  negative,  when  tha 
llifths  19  +  r  units  of  the  system, 

Intervah  formed  by  FiftJm. 

s  of  fifths  are  spoken  of,  it  is  intended  that  octaves  bft 

;e  result  of  a  number  of  fifths  is  eipreased  in  E.  T, 

Imltiplea  of  12  (octaves)  are  cast  out.     Hepresenting  tha 

litem  by  7+3,  where  S  is  the  departure  of  one  fifth 

'.  Bemitoues,  wo  form  the  following  intetrals  amongst 

|l2fiftha  =  12a 

x(7+3)  =  84  +  12a,  8nd84ia  cast  out). 
=  2+2i 
2x(7+c)=14+23,  and  12  ia  cast  out), 
l-mitone,  formed  by  seven  fifths  up, ^1  +  7! 
0=40  +  7^,  and  4S  is  cast  out). 
■.  formed  by  fivi;  fifths  do\vn,  =  l  —■53 
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Regular  Cyclical  fiijaleiM, 

The  impoitauce  of  regular  cyclical  systems  arises  from  the  infihite 
freedom  of  modulation  in  every  directiou  which  is  possible  in  such 
systema  vhen  properly  arraDged  ;  whereas  in  non-cyclical  aystems 
required  modulations  are  liable  to  be  impossible,  owing  to  the  demand  for 
notes  lying  outside  the  material  proyided. 

Theorem  i.  In  a  regular  cyclical  system  of  the  +  rth  order  the  difference 
between  the  seven-fifths  semitone  and  five-fifths  semitone  is  +  r  unit«  of 
the  system,  or  <-/=±i-  unita. 

Becallingthe  defimtimi  of  rth  order  (IStn  +r  uuta),  the  proposition 
follows  from  Th.  /3. 

Cor.  This  proposition,  taken  with  Th.  a,  enables  us  to  ascertun  the 
number  of  divisions  in  the  octave  in  systems  of  any  order,  by  introdudng 
the  considerstioQ  that  each  semitone  must  consist  of  an  integral  number 
of  units.    The  principal  known  systems  are  here  enumerated : — 

Primt^  (l»t  order)  Rmtive, 

S-flftha  tamitona           Number  or  imiU  in  octtra 
-yunito.                      (Th.  0)^+7^=1. 
1  17 


Stoondotry  (2nd  ordtr)  Pontive, 

0  

Primary  Ntgattue. 


Secondary  Seyalivi 


Theorem  ii.  In  any  regular  cyclical  system,  if  the  octave  be  dinded 
into  n  equal  intervals,  and  r  be  the  order  of  the  system,  the  departure  of 

each  fifth  of  the  system  is  -  E.  T.  semitones. 

For  departure  of  12  fifths  =  12i  =  r  units  by  definitioQ  and  the  units 
13 
—  E,  T.  semitones ; 

Theorem  iii.  If,  in  a  system  o£  the  rth  order,  tha  QctaN«\in^ix)&K^''n^ 


^^H 

^rf^^HI^H 

1 
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f+  7»  is  n  imiltiple  of  11*,  aud     .„     ia  the  number  of 

f  the  system. 

uber  of  units  in  the  fifth. 

r  by  hypothesis  ;  whence  the  proposition. 

U  in  thi;  i ii vest igal ion  of  syatems  of  the  higher  orders. 
lies  of  12,  where  necessary,  fmm  »  aud  r,  we  have  the 
between  the  remaindera  : — 

23456780       10       11 
10       3810     11       40         2         7 

\  syefem  divide  the  ottave  into  n  equal  intervals,  tho 
all  the  "  fifths  of  the  svBtem  =r  E.  1.  semitones,  where 

,0  system. 

=  -;  whence 
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All  instructive  illaBtrBtion  may  be  made  as  follows ;  it  requires  too 
large  dimenHiona  for  convenient  reproduction  here  : — 

Sot  o&  on  the  axia  d£  absdasie  the  equal  temperament  aeriefl  in  order 
of  fifths,  as  above,  taking  about  10  complete  periods.  If  the  distances 
of  the  single  terms  are  made  1  centimetre,  this  will  take  I'-SO  in  length, 
starting  from  the  origin  on  the  left. 

Select  a  unit  for  the  E.  T.  semitone  of  departure,  say  1  decimetre. 

Bule  a  series  of  lines  parallel  to  the  axie  of  abscissn,  at  distances  rept»- 
senting  integral  numbers  of  E.T.  semitones,  both  above  and  below, 

Bule,  parallel  to  the  axis  of  ordinates,  straight  lines  through  the  points 
representing  the  E.  T.  notes. 

Enter  on  the  intenections  the  names  of  the  E,  T.  notee  they  represent. 
Thus  the  notes  on  the  positive  ordinate  of  e  are  e-ctjf-d  , . .,  and  so 
on,  each  pair  separated  by  1  decimetre,  and  the  notes  on  the  n^ative 
ordinate  of  e  are  c-b-f^  .... 

If  we  then  join  the  e  on  the  left  hand  of  the  axis  of  absciBse  to  all  the 
other  c's  on  the  figure,  except,  of  course,  those  on  the  axis,  we  obtain  a 
complete  graphic  representation  of  all  the  systems  whose  orders  are 
included.  The  rth  order  is  represented  by  lines  drawn  to  the  e's  in  the 
rth  line  above,  the  —rth  by  the  lines  drawn  to  the  c's  in  the  rth  line 
below. 

This  illustration  brings  specially  into  prominenoe  the  singularity  of 
multiple  systems,  as  all  the  multiples  of  any  system  lie  on  the  same 
stnught  line  with  it,  and  the  representation  fails  to  give  all  the  notes  of 
such  systems. 

Multiple  Si/^oiui. 

Multiple  systems  are  such  that  the  number  of  divisions  in  the  octai^ 
(hn)  in  any  such  system  is  a  multiple  {k)  of  the  number  of  divisions  (n) 
of  some  other  system. 

Multiple  systems  have  not  been  as  yet  practically  applied. 

These  systems  are  not  strictly  regular ;  for  though  their  fifths  are  idl 
equal,  yet  Uiey  do  not  form  one  continuous  series,  but  several.  They 
are  strictly  cyclical,  t.  e.  they  divide  the  octave  into  n  equal  interrals. 

Theorem  v.  A  multiple  system,  i:n,  may  be  regarded  as  being  of  order 
if,  where  n  is  a  system  of  order  r. 

Por,  n  being  a  system  of  order  r,  r+7it  is  a  multiple  of  12 ;  .•.  also 
h{r+7»)  is  a  multiple  of  12,  which  is  tjie  coudition  that  the  system  kn 
be  of  order  Ir. 

This  is  useful  in  the  investigation  of  systems  of  the  higher  orders. 

If  M  is  a  multiple  of  12,  the  system  is  a  multiple  of  the  E.T.,  and  of 
order  lero. 

la  the  illustration  described  under  Th.  iv.  the  notes  of  a  multiple 
system  {Icn)  are  the  same  as  those  of  system  n,  until  the  Utter  is  com- 
plete.   The  rest  of  the  representation  consists  nm\iV]  <9ll  ^^^  vtsn&iiKh^A 


la^^^^^^l 
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i\or  ngiiiii.    To  oblain  the  rest  of  the  notes  we  should 
stnrling-point, 

"p  inny  regard  the  iystem  kn  as  coneiating  of  it  dif- 
Iia\!ii6  startbg-poiuts  distant  from  each  other  by  7, 
ystem  n. 

iiately  that  the  Hvstem  l-n  i»  of  the  Jrth  order ;  for  iu 
rstcm  n  there  are  k  unita  of  Bystem  tii ;  (md  Ho  in  i- 
here  are  ir  units  of  syst^in  In. 
en  n  is  not  a  prime,  can  be  regarded  as  a  multiplo 

of  59  is  of  the  7th  order ;  118  consequently  a  multiple 
order,  ia  which  point  of  new  it  is  of  no  interest ;  bnt, 
from  the  order,  it  may  be  also  regarded  as  an  inde- 
tho  2nd  order,  in  which  point  of  view  it  is  of  con- 

'  Miijar  Thirds  in  Positive  and  Negative  SyiUim. 
>f  fhi*  perfect  third  is  --lafiSC.      Hence  negative 
■  fifth  is  7  — J)  form  their  thirds  in  accordance  with 
'n  oE  music.     For  if  we  take  4  negative  lifths  tip,  we 
negative  departure  (—43)  which  can  approximntcly 
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Continuing  the  ieriea  to  the  right,  each  note  of  the  next  12  fiftha  ii. 
afiectod  with  the  mark  /  (mark  ot  elevation),  drawn  upwards  in  ilie. 
diiecdon  of  writing.  These  notes  join  on  to  the  unmarked  doodene  u 
follows : — 

»-6-/^-/4-/irtt . . .  ■, 

and  BO  on.  ■ 

Thus /e  is  12  fiftha  to  tlierightof  e,  andtheinterv^/«-«ia  the  depar- 
ture ot  12  fiftha. 

The  next  dnodene  to  the  right  is  aSected  with  the  mark  //,  which 
joins  on  to  the  last  as  before : — 

/*-/6-///5 , 

and  so  on. 

IVooeeding  in  Hie  same  wa^ ,  we  hare  notes  affected  with  atich  marks 
as  ///,  ////. 

Betum  to  the  unmarked  duodene,  and  let  it  be  continued  to  the  left  t 
the  notes  in  the  next  duodene  on  the  left  are  affected  with  the  mai^  N, 
(mark  of  depressioa),  drawn  downwards  in  the  direction  of  writing.  The 
junction  with  the  unmarked  duodene  will  be 

\fi-\g--^-\fl-\e-\i-fS[-tilt .... 
The  next  jouctioa  on  the  left  will  be 

\\»-\\6-VS  . . .  ■  J 
and,  proceeding  in   the  same  way,   we  bare  such  marks  as   ^^-X, 
\N\N. 

ThuB  «-\e  ia  a  major  third  determined  hy  eight  fifths  down  in  the  whole 
series;  and  \«  will  hare  the  departure  (— 89)  from  the  E.  T.  note  e 
derired  from  c, 

Notation  applicable  to  all  Btgular  Syitemi,  Negative  at  well  at 
Positive. 
As  this  notation  aimply  consists  of  a  determination  of  position  in  a 
continuous  series  of  fifths,  it  may  be  applied  to  all  regular  systems,  posi- 
tive or  negative ;  but,  as  it  is  not  commonly  needed  for  negative  systems, 
it  is  not  generally  applied  to  them. 

thrmation  of  Harmonic  Sevenila  in  Positive  attd  Negative  Syatemi. 

The  harmonic  seventh  ia  the  interval  whose  ratio  is  7 : 4.  It  affords  a 
smooth  combination,  free  from  beats. 

The  departure  of  the  harmonic  seventh  from  the  note  which  gives  the 
E.  T.  minor  seventh  is  --31174  (Bule  I.). 

HelmholtE  observes  that  his  system  of  just  intonsAAfma&n^ioiv^tciu.-^ 
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ionic  sevaiitli.     In  fact,  if  we  i'onn  a  »eveiith  hj  14 
isitive  systems  (fifth=7+fj,  ne  obtain  a  note  with 

(  —  14*),  which  can  approsimately  represent  the  har- 

.'"[j  represents  anch  an  lutenal. 

baerved  (Roy.  Soc.  Proe.  1804)  that  the  uieon-lono 
pgative,  affords  a  good  approxinmtion  to  the  harmonic 
if  we  form  a  Heveuth  by  1 D  fifths  up  in  negative  systems 
tbtain  a  uole  \*ith  negative  departure  (-10*),  which 

i  of  Jtfjidiii-  ifitl  Jlfffiilar  Cifdind  fiij>triM. 

ions  permit  us  to  calculate  the  departures  and  errors 
various  regular  and  regular  cyclical  ayatems.      There 
uantity  which  may  be  also  conveniently  takes  into 
cases,  viK.  the  departure  of  12  fifths  of  the  system. 
,  putting  i=12J. 

:  BVBtems  hitherto  known. 

p  ordinary  comina  (^  is  -aiotiO.     Tt  is  companiblo 
i,  and  if  introduced  in  its  phieo  iu  the  Table  would 
ir  uon-cyclica]  system,  lying  bel  ween  the  system  of  -"i:j 
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An  Ulnatratioti  mity  be  made  as  follovs,  which  shoivs  on  inspection  all 
the  data  involved  in  the  above  Tnble,  and  the  propertioa  of  any  other 
system  introduced  into  it. 

Take  ^xes  of  absdsss  and  ordinates,  and  s^t  off  on  both  distances 
representing  tenths  of  E.  T.  semitones — for  ordinary  purposes  10  inches 
to  the  E.  T.  semitone  answers  best ;  for  Lecture  scale,  1  metre  to  the  E.  T. 


On  the  axifl  of  onJinates  set  off  points  representing  the  valnes  in 
rolumn  ^  of  the  Table,  and  corresponding  ^-alues  tor  any  other  system 
required.  Through  each  of  these  points  rule  a  straight  line  parallel  to 
the  axis  of  abscissft. 

On  the  axis  of  abscisstie  set  off  points  tepresenting  the  valuer  —'13686 
and  —'31174.  Bnle  lines  through  these  parallel  to  the  atis  of  ordi- 
nates.  These  abscisw:  represent  respecLivety  perfect  thirds  and  perfect 
sevenths. 

Draw  lines  inclined  to  the  axis  of  abscissa;  at  angles  tan~'  %  >nd 
tan''  s-  These  give,  by  their  intersections  with  the  lines  of  the  different 
positive  By8t«niis,  the  thirds  and  sevenths  respectively. 

Draw  lines  inclined  to  the  axis  of  abscissa  at  angles  tan~'— 3  and 
tan"'  ~  g.  These  give,  by  their  intersections  with  the  lines  of  the  different 
negative  systems,  the  thirds  and  sevenths  respectively. 

The  errors  of  the  thirds  and  sevenths  are  the  perpendicular  distances 
of  the  intersections  which  determine  them  from  the  ordinates  of  perfect 
thirds  and  seren^  already  constructed. 

fa  R^ular  Otfclieal  Sifitemi,  to  find  tkt  number  of  Units  in  anff  Interval 
in  the  Sa^. 

Let  X  be  the  number  of  units  in  the  seven-fifths  semitone,  then 

...y.,+r.=i+7;. 

or 

^~    12    ■ 

It  is  easy  to  see  that  .r  will  always  be  integral  if  the  order  condition  is 
srttisfied  (Th.  iii.),  vifs.  if  "n+r  is  a  multiple  of  12. 

For  then  7(7n+r)=49n+'7r ;  whence,  casting  out  48n,  m  +  Tj-  is  a 
multiple  of  12. 

We  can  now  determine  the  remaining  intervals  in  t«nns  of  te 
and  r : — 
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So.  of  unit*. 
irTfll.                 PoflitiTB  tpiaat.                   Hegatire  Byrtemi. 

tone x—  r         x—  r 

1 

1 

4.V     3r         . .          4*     2r 

7.r     4.-         7x     ir 

veaih    10*-7r          10*-5r 

h lU--7r         n,v-6^ 

12.r-7r          12.v-7r=.n. 

itive  syatems  are,  of  course,  positive  quantities. 

<lilQ<jment  of  Positive  Systems  in  Muiie. 

-If  we  wTite  down  one  of  the  duodenes  of  the  notation, 

fii-c*t-ffi^-('!it-a!(^-/-c-3-d~a^-h, 
.  positive  svstems  form  their  tliirds  hv  8  fifths  dowii, 
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Such  passages  as  this  can  be  played  on  the  harmonium  hereafter 
described.    . 

Principle  of  Symmetrical  Arrangement  in  Regular  Systems. 

If  we  place  the  E.  T.  notes  in  the  order  of  the  scale,  and  set  off  the 
departures  of  the  notes  of  any  regular  system  at  right  angles  to  the  E.  T. 
line,  sharp  departures  up  and  flat  departures  down,  we  obtain  the  posi- 
tions of  what  may  be  called  a  symmetrical  arrangement. 

The  distances  of  the  E.  T.  notes  from  the  starting-point  are  abscissas, 
and  the  departures  ordinates. 

•  •  •  •  •  « 

Positive  Systetns.  .  . 

The  subjoined  is  a  Symmetrical  arrangement  of  the  notes  of  General 
Thompson's  enharmonic  organ  (p.  402).  It  is  selected  as  not  being  too 
extensive  for  reproduction,  as  being  of  historical  interest,  and  as  illustra- 
ting the  nature  of  the  difficulty  caused  by  the  distribution  oi  such  systems 
into  separate  key-boards.  Each  of  the  single  vertical  steps  represents  the 
departure  of  one  fifth.  ... 

The  property  of  symmetrical  arrangements,  from  which  they  derive 
their  principal  importance,  is  that,  position  being  determined  only  by 
relations  of  interval,  the  notes  of  a  combination  forming  given  intervads 
present  always  the  same  form,  whatever  be  the  key  or  thd  actu&l  notto 
employed. 

Let  us  express,  as  before,  the  number  of  E.  T.  semitones,  which  is  now 
our  abscissa,  by  Mmple  integers,  and  the  number  of  depart^res  o|  fiftl\s, 
which  is  our  ordinate,  by  a  coefficient  attached  to  $. .  Then  we  have  only 
to  note  the  values  of  the  different  intervals  to  obtain  their  coordinates 
with  respect  to  any  note  taken  as  origin^  .... 

Thus  the  third  is  4— 89,  or  four  steps  to  the  right  and  eight  down 
(c-\,e);  the  fifth  is  7+^,  seven  Steps  to  the*  right  and  One  up  (c-^; 
the  minor  third  is  three  to  the  right  and  nine  iip  (\^) ;  and  so'  on. 

Two  noi;es  are  omitted  from  the  otherwise  complete  series,  b  and  \\5; 
and  we  notice  the  number  of  otherwise  complete  chor^  which  their 
absence  destroys.  ..... 

DitirihxUion  over  three  Key-hoards, — As  an  example  of  the  effect  of  this, 
we  note  that  the  notes  of  the  chord  of  a  minor  are  all  present ;  but  they 
are  (^i.^'/^i'-^^y  ^^  *^^**  ^^  third  and  fifth  are  on  different  key-boards.  • 

Negative  Systems.  .... 

According  to  the  enunciation  of  the  principle  of  symmetrical  arrange- 
ment, the  positions  should  be  tak^n  lower  for  negative  systems  as  \fe 
ascend  in  the  series  of  fifths ;  but  it  is  practically  more  convenient  to 
use  the  positive  form  in  negative  systems  as  well.  The  coordinates  of 
some  intervals  become  different — the  third  is  4+4),  the  minor  third 
3-3*,  Ac 
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Lngemeut  of  the  Kotes  of  Thompaon'a  Enharmonic 

Organ. 
ljs<^riptH  1,3,3  refer  to  its  three  key-boinls. 


/o, 

>bi 

/f. 

fM.9 

/ti. 

/•I,. 
■  b. 

•■; 

/lb, 
bb... 
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Application  of  Principle  of  Symmetrieal  Arrangement  to  a  "  Qtneraiiztd 
Key-board  "  for  lUgular  Systemt. 

A  kej-board  has  been  constracted,  on  the  principle  of  "  symmetrical 
arrangement,"  in  the  following  manner  : —  ' 

The  octave  is  taken  =6  inches  horizontally  (in  ordinary  key-boards  the 
octave  is  6j  inches).  This  is  divided  into  12  spaces,  each  j  inch  broad. 
These  are  called  the  12  principal  divisions  of  the  octave.  A  horizontal 
line  gives  the  positions  of  an  E.  T.  series  where  it  crosses  them  all. 

The  keys  are  then  placed  at  vertical  and  horizontal  distances  from  the 
B.  T.  line  corresponding  to  their  departures,  on  the  supposition  that  the 
arrangement  is  positive. 

The  departure  of  12  fifths  up  corresponds  to  a  horizontal  displacement 
of  3  inches  from  the  player,  and  a  vertical  displacement  of  1  inch  up. 

These  displacentents  are  divided  equally  among  the  fifths  to  .which  they 
may  be  regarded  as  due,  i.e.  the  displacement  of  g  with  reapect  to  c  is 
\  inch  back  and  -^  inch  up  ;  bo  of  ti  «ith  respect  to  </,  of  a  with  respect 
to  d,  and  so  on. 

Although  only  3  inches  of  each  key  are  thus  exposed  on  a  plan,  yet 
the  keys  are  all  made  to  overhang  j  inch,  and  thus  the  tangible  length  of 
each  key  is  3j  inches. 

The  a<MX)mpanying  figure  (p.  404)  shows  a  small  portion  of  the  key- 
board, on  a  scale  of  half  the  real  size. 

The  keys  are  each  |  inch  broad,  and  their  centres  are  ^  inch  apart. 
There  is  thus  j  inch  free  between  the  adjacent  surfaces  of  each  pair  of 
keys,  and  ^  inch  altogether  between  the  two  keys  which  rise  on  each  side 
of  any  given  key.  This  is  of  importance  ;  e.g.,  in  the  chord  o-\e-g-e, 
taken  with  the  right  hand,  the  first  finger  has  to  reach  s«  between  ^f 
and  under  the  overhaagbg  e. 

The  keys  in  the  five  principal  divisions  which  have  "accidental"  names 
(e.g.  df  or  dt?)  are  black,  the  rest  white. 

There  are  seven  keys  in  each  principal  division ;  the  seven  c's  are 
marked  from  NWc  to  ///c,  the  unmarked  e  being  in  the  middle.  Thus 
there  are  84  keys  in  each  octave.  The  key-board  controls  an  harmo- 
nium which  contains  the  system  of  53. 

Application  of  the  Pbiitive  Syttem  of  Perfect  Tliirdt  to  the  "  Generalized 
Key-board"  (Helmholt;^s  system,  just  intonation). 
If  the  thirds,  such  as  c-\<,  are  made  perfect,  and  the  fifths  flat  by 
■00244,  a  quantity  which  escapes  the  ear,  we  have  the  system  here  men- 
tioned. Helmholtz  makes  a  mistake  in  describing  it  ('  Die  Lehre  von 
den  Tonenipfindungen,'  ed.  3,  p.  495) ;  he  supposes  that  the  fifths  are 
sharp  instead  of  flat  by  the  above  interval ;  it  is  easy  to  see  from  the 
context  that  this  is  a  mistake. 

The  notation  of  positive  systems  is  applicable  without  s^eci&Ui&^'st^ 
VOL.  xxin.  1 T. 
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of  53  b  adopted.  It  is  required  to  find  rules  of  identificatioii  for  pawing 
from  one  principal  dlTiuon  of  the  octave  to  another. 

Sule. — In  the  sjatem  of  53  the  notation  of  positive  systems  becomes 
subject  to  the  foUowing  identifications  r — 

If  two  notes  in  adjoining  prindpat  divisions  (e.  g.  o  and  ejf.)  be  so 
situated  as  to  admit  of  identification  («.  ^.  a  high  c  and  a  low  c$),  thef 
will  be  the  same  if  the  sum  of  the  elevation-  and  depression-marks  =4 ; 
imless  the  lower  of  the  two  divisions  is  black  (accidental),  then  the  sum 
of  the  marks  of  identical  notes  =  5. 

This  can  only  be  proved  by  enumeration  of  a  case  in  each  pair  of  divi- 
sions. This  enumeration  is  made  in  the  writer's  original  paper.  It  is 
founded  on  the  following  principles : — 

Ifoting  that  the  5-fifths  semitone  is  4  units  (scheme  fallowing  Th.  L), 
we  see  that  e-e$  is  4  units,  whence  ////c-e$,  ///e-\tif,  //o-'Wj^  .... 
are  identities  ;  or,  again,  ct[-\d  is  4  units,  and  ////cJt-Nd,  ///e-\S.d 
....  are  identities. 

Application  of  the  Syitem  of  53  to  the  "  Qenemlized  E^-board." 

An  harmonium  has  been  constructed  which  is  arranged  as  follows ; — 

The  note  XWc  is  taken  as  the  first  note  of  the  series,  and  receives  the 

character!  Htic  number  1.     Then  e  is  4,  and  the  remaining  numbers  can 

be  assigned  by  the  rules  for  the  identifications  in  the  system  of  S3  given 

aboi-e. 

A  number  of  notes  at  the  top  of  the  key-board  are  thus  identical  with 
corresponding  notes  in  the  adjacent  prindpal  divisions  on  the  right  at 
the  bottom,  e.ff.  //e^b^Wejf.  These  permit  the  infinite  freedom  of 
modulation  which  is  the  characteristic  of  cyclical  systems ;  for  in  moving 
upwards  cai  the  key-board  we  can,  on  arri\-iiig  near  the  top,  change  the 
bands  on  to  identical  notes  neair  the  bottom,  and  bo  proceed  further  in 
the  same  direction,  and  vice  vend.' 

It  is  to  be  noted  that,  in  positive  systems,  displacement  upwards  or 
downwards  on  the  key-board  takes  place  most  readily  by  modulation 
between  related  major  and  minor  keys — not,  as  has  been  commonly 
assumed,  only  by  modulation  round  the  circles  of  fifths.  In  negative 
systems,  on  the  contrary,  displacements  take  place  only  by  modulations 
of  the  latter  type. 

Application  of  the  System  of  118  to  the  "  Oeneraliied  Key-board." 
The  6-fifths  semitone  is  here  9  units,  and  the  7-fifths  semitone  is  11 
units.  The  major  tone  (S-fifths  tone)  is  consequently  20,  and  the  minor 
tone  (10-fifths  tone)  is  18.  Hence  the  notes  in  the  Buccessive  principal 
divisions  are  alternately  odd  and  even,  and  the  identifications  lie  in  alter- 
nate columns.  These  ore  not  here  further  investigated,  as  no  practical 
use  has  been  made  of  the  system. 


1 
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/fS=12,  (?=21, 

ibie  to  construct  a  key-board  oa  the  prindplee  already 
L>ul(l  g^ve  complet*  control  over  the  notes  oE  the  HVHtfim 

tuned  to  the  positivG  system  of  perfect  thirds,  as 
rds  o£  the  eystem  of  118  is  too  small  to  be  perceived 

Vegat'ivf  Si/stem  of  Perfect  Thirds  {Mean-Tone  SijiUm) 

to  On  "Generalized  Key-boarH." 
rh  aa  e-e,  are  made  perfect,  and  the  fifths  -05376  flat,- 

one  Bvsteni-     The  forms  of  scales  and  chords  in  nega- 
[ferent  frpm  those  in  positive  systems.     The  scales  are 
ind  the  chorda  also.     It  is  expected  that  this  applica- 
jractical  iniporlance. 
ale  of  unmarked  naturals  on  the  plan,  we  can  realiiio 

6ngeriiig.     It  is  the  same  as  that  of  the  Pytha- 
ho  syslem  of  perfect  fifths.     The  tones  are  all  2-fifths 

tones  both  5-fifth8  semitones. 

V"  the  Kcfjatii't  Sysifni  o/3l  lo  ike  "  Generalized 
Key-board." 
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Now,  when  rss2  we  Iiave  the  system  of  118,  which  affords  the  closest 
approximation  to  what  is  required  of  any  cyclical  system  known  hitheito, 
the  error  of  its  third  beiog  '00127. 

Beferring  to  Th.  y.,  it  is  easy  to  see  that  no  other  even  system  of  an 
order  much  below  the  24th  can  afford  a  better  approximation ;  for  tiie 
number  118  differs  from  the  value  given  by  the  above  condition  by  little 
more  than  unity.  Its  multiple  is  always  of  the  right  order  (Th.  y.) ; 
there  can  therefore  be  no  other  system  of  the  right  order  within  12  digits 
of  the  multiple  either  way,  and  the  deviation  of  the  value  given  by  the 
condition  cannot  amount  to  12  digits  till  near  the  24th  order ;  we  there- 
fore confine  ourselves  to  systems  of  uneven  orders. 

Casting  out  12's  from  58*4526,  we  can  take  the  remainder  as  10*45^ 
for  the  purposes  of  the  search : — 


r. 

r.  10.46. 

Bemainder, 
casting  out  12*8. 

Bemamder  re- 
quired for  order  r 
(Th.  wiy 

3 

31-35 

7-36 

3 

6 

62-25 

4-25 

1 

7 

7315 

1-16 

...       11 

9 

94-06 

10-05 

9 

11 

114-95 

6-95 

7 

The  coincidence  at  the  11th  order  is  the  closest  so  far;  and  it  isr 
easy  to  see,  by  considerations  analogous  to  those  above,  that  no  subse* 
quent  system  can  afford  another  till  a  much  higher  order  is  reached. 

For  the  11th  order,  then,  we  have 

11x58-4526 =642-9786; 

and  643  is  a  system  of  the  11th  order,  as  shown  by  its  giving  remainder 
7  on  dividing  by  12  (Th.  iii.). 

Calculating  the  third  of  this  system  (^3  =dep.j,  and  taking  seven 

places,  we  have : — 

Departure  of  perfect  third  =    --1368629 
Departure  of  third  of  643    =   --1368585 

Error  =       -0000044  sharp. 

To  five  places  both  thirds  are  represented  by  —  -13686. 

The  intervals  of  this  system  will  furnish  us  with  simple  numerical 
ratios,  which  represent  with  great  accuracy  the  intervals  of  the  perfect 
system. 

We  have  (see  the  section  on  the  number  of  units  in  any  interval) — 

7'fifths  semitone  =s  60  units, 
5-fifths  semitone  »  49  units ; 


H^^^^^^H 
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(luce  the  remaining  intorTftls.      Those  values  of  tho 
bhe  following  curious  derivation  of  this  aj-stem  :—                1 
n  Table  of  characteristic  numbers,  we  notice  that  the 
la  of  the  8yat«ms  o£  53  »nd  05  ore  nearly  equal  and 

3  is  derived  on  the  assumption  that  the  interTal  ratio 

s  t  (Th.  i.  Cor.),  and  that  of  65  on  the  assumption 
0  ;  taking,  then,  an  intermediate  ratio,  y^,  we  get  the 
icii  has  very  good  thirds. 

ill  intormediate  ratio  in  the  fa11o\\'ing  manner,  we  get 
(!43  :— 
fnu^tiona  g,  g  to  a  common  denominator,  we  hare 

U3,  by  the  formula  5j;+7y=»,  derived  from  Th.  a  o£ 

the  fifth  order  are  not  part.icular!y  good  ;  the  best  is 
ley  derive  their  interest  from  tho  logarithmic  properties 

^ — Tho  condition  for  the  eieellonce  of  the  thirds  of 

Dr.  D.  Femer  on  the  Brain  of  Monkeys. 


"  Experiments  on  the  Brain  of  Monkeys, — No.  I."     By  David 
Febkibb,  M.A.,  M.D.,  M.R.C.F.,  Professor  of  Forensic  Medi- 
cine, King's  CoUege,  London.     Communicated  by  Dr.  J.  B. 
SandebsoNj  F,R.S. 
The  facts  recorded  in  this  paper  are  the  results  obtained  by  electrical 
stimnlatdon  of  the  brain  of  monkeys,  after  the  method  described  by  tti« 
author  in  the  West  Biding  Lunatic  AaylumModioal  BeportB,vot.iii.l873. 
They  formed  part  of  a  paper  "  On  the  Localication  of  Function  in  t^^e 
Brain,"  read  before  the  Boyal  Society  on  March  5, 1874*.    This  memmr 
also  contained  the  results  of  other  experiments  on  the  brain  of  monkeys, 
chiefly  relating  to  the  effects  of  localized  lesions  of  several  parts  of  the 
hemispheres,  with  a  Tiewto  determine  the  significance,  as  regards  sensa- 
tion and  motion,  of  the  phenomena  caused  by  electrical  irritation.   These 
experiments  are  uot  here  recorded,  but  are  reserved  for  comparison  with 
the  results  of  a  more  extended  reinvestigation  of  a  similar  nature,  on 
which  tbQ  author  baa  been  for  some  time  engaged,  and  which  will  shortly 
be  laid  before  the  Society. 

In  order  to  avoid  unnecessaiy  detail,  and  in  order  to  place  the  resultB 
together  for  the  purposes  of  comparison,  the  animals  experimented  on 
are  described,  the  dates  of  experiment  given,  and  numbers  assigned  to 
them,  so  that  they  may  all  be  brought  into  relation  with  each  other ; — 

Experiments  on  Monkeys  (Macaques). 
I.  Left  hemisphere   June  14, 1873. 


U.  Sight 

ni.  Left 

IT.  Left 

V.  Left 

VI.  Bight 

IVn.  Lett 

Tin.  Left 

IX.  Bight 

X.  Eight 

XI.  Left 

Xn.  Eight 

XIU.  Eight 


.  June  18, 

,   June  23, 

.   June  25, 

.  June  27, 

.  July     4, 

.   July  16, 

,   July  22, 

,   July  25, 

Jing.    I, 

A«g.    8, 

Aug.  23, 

,  Sept.    5, 


The  circles  marked  on  the  woodcuts  indicate  the  regions  stimulation  of 
which  is  followed  by  the  same  results.  Several  applications  of  the  elec- 
trodes (which  do  not  cover  a  larger  diameter  than  a  quarter  of  an  inch) 
in  or  near  tho  same  r^on  are  necessary  to  mark  off  the  area.  To 
exactly  define  it  is  hardly  possible,  as  the  areas  overlap  each  other,  so 
that  a  complex  set  of  movements  may  be  caused  by  the  conjoint  stimnlo- 
*  See  FrocMcUngf,  ved.  zxii  p.  229. 
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tres   which   in diii dually  are  capuble  of  differentiation, 
rly  liable  to  occur  if  the  currents  ore  too  strong.     The 
iio  woodcutB  are  therefore  more  or  less  iudefinite  bb  to 
.     Their  ceatrea  indicate  more  precisely  the  points  of 

liing  (he  results  of  st^mulatjon  by  reference  to  the  figures, 
the  position  of  the  electrodes,  as  far  as  possible,  in  relft- 
iJual  eouvolutions,  eo  that  coniparisoa  may  be  made  with 
lan  brain, 

a  the  results  are  classified,  and  not  related  in  the  order 
ore  obtained  during  the  course  of  experiment. 

Fig.  1. 

Dr.  J).  Ferrier  on  the  Brain  ofSf<Mkey»,  411 

CSrcle  (  1  )i  figs-  1  &  2,  coireBponding  to  the  poitero-porietal  lobnle, 
or  superior  extremity  of  the  aacending  parietal  conTolation.  The  region  ii 
embraced  between  the  porieto-occipital  fisaure  and  a  short  perpendicnUr 
sulcus  at  right  onglea  to  the  median  fissure. 

Besults  ot  stimulation : — 

I.  Not  explored. 

II.  The  left  foot  is  flexed  on  the  leg,  and  the  toes  axa  spread  out  ind 

extended, 
in.  The  right  thigh  is  slightly  flexed  on  the  pelvis,  the  leg  is  extended, 
the  foot  flexed  on  the  leg,  and  the  toes  are  extended. 

This  result  was  obtained  hy  stimulation  of  the  posterior  margia 
of  the  circle.  At  other  points  the  advance  of  the  whole  limb  was 
not  so  distinct,  but  the  flexion  of  the  foot  and  extension  of  tlie 
toes  was  very  marked. 

IV.  The  right  leg  is  advanced,  the  foot  flexed,  and  the  toes  ext^ided. 

In  this  case  some  movements  of  the  arm  were  also  made,  but 
not  of  a  constant  nature,  and  were  therefore  regarded  as  accidental 
complications. 

V.  The  right  thigh  is  flexed  on  the  pelvis,  the  leg  extended,  the  foot 

flexed  on  the  ankle,  and  the  toes  extended. 
YI.  Flexion  of  the  left  thigh  on  the  pelvis,  extension  of  the  1^, 

flexion  of  the  foot  on  the  ankle,  extension  and  spreading  out  of 

the  toes, 
yn.  The  right  hind  leg  is  advanced  as  in  walking,  the  foot  flexed  on 

the  ankle,  and  the  toes  extended. 

In  this  case  alight  adduction  of  the  foot  was  observed  on  stimu- 
lation, just  posterior  to  the  lower  end  of  the  short  perpendicular 

sulcus  already  referred  to. 
Vm.  Extension  of  the  toes  of  the  right  foot,  and  flexion  ot  the  foot 

on  the  ankle. 
In  this  case  also  a  tendency  to  adduction  of  the  leg  and  foot 

was  observed. 

IX.  Flexion  of  left  thigh  on  pelvis,  extension  of  the  toes,  and  flexion  of 
the  floot.    (One  observation  only.) 

X.  Kot  explored. 

XI.  Extension  of  the  toes  of  the  right  foot,  and  flexion  of  the  foot  on 
the  ankle. 

XII.  Not  explored. 
Xin.  Not  explored. 

The  general  result  of  stimulation  of  this  region  is  to  show  that  it  is  a 
centra  for  the  movements  of  tEie  hind  1^,  and  apparently  those  concerned 
in  w&Lking. 


lid^H^^^I 
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ud  that  in  some  cases  the  movement  is  only  partially 
i8  frequently  the  case,  and,  an  will  be  aeen  in  the  BUb- 
iiovement,  at  first  of  limited  extent,  gradually  merges 
s  one,  involving  numerous  muBcIea. 

.  1  &2.     This  embraces  the  upper  extremity  of  the 
onvolution,  and  also  stretches  across  the  fissure  of 
icJude  the  anterior  division  of  the  upper  extremity  of 
Ijil  (.■onvolution. 
n  reference  is  made  to  an  anterior  and  posterior  divi- 

between  the  two  being  the  fissure  of  Eolando.     This 
3ugh  on  analysis  movements  enited  by  stimulation  of 
f  the  same,  they  are  less  distinctly  brought  out  by 

posterior  division  alone,  and  are  apt  to  merge  into 
n  excitation  of  circle  (  1  )• 

lation  of  the  posterior  di\4aion  :— 

!. 
■d. 
d. 
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semiflexed  conditioii,  and  pointmg  to  the  middle  line  of  the 

body. 

G^ie  combination  of  actions  is  jast  such  as  when  a  monkey 

scratches  its  abdomen  with  its  hind  leg. 

The  muscles  of  the  trunk  participated  in  the  movements,  so 

that  the  body  was  twisted  to  the  opposite  side, 
m.  The  action  in  this  case  was  in  all  respects  similar  to  that  recorded 

inn. 
lY.  In  this  case  epileptic  or  choreic  convulsions,  which  readily  occurred 

on  the  slightest  stimulation,  rendered  analysis  of  the  movements 

impossible. 
y .  In  this  case  the  action  described  in  11.  was  very  distinct,  viz.  the 

rotation  outwards  of  the  thigh,  the  rotation  inwards  of  the  leg 

and  foot,  and  the  grasping  portion  of  the  toes  pointing  towards 

the  middle  line. 
YI.  As  in  I.  and  Y.,  the  thigh  on  the  opposite  side  (left)  was  flexed 

and  rotated  outwards,  the  leg  and  foot  inwards,  while  the  toee 

were  spread  out. 
YII.'  In  this  case  also  the  movements  were  very  distinct,  consisting  in 

rapid  combined  muscular  action,  bringing  the  foot  and  toes  inward 

as  if  to  scratch  the  body. 
Yin.  The  results  in  all  respects  the  same  as  YII. 

IX.  Similar  action,  viz.  rotation  outwards  of  the  thigh,  inwards  of  the 
leg,  and  the  foot  brought  up  with  a  sort  of  grasping  movement  of 
the  toes  to  the  middle  line  of  the  trunk. 

X.  Not  explored. 

XI.  Action  in  all  respects  as  described  in  IX. 

XII.  Not  explored. 
XTTT.  Not  explored. 

Circle  T  3  \  figs.  1  &  2,  corresponding  to  the  situation  of  a  parallel 

sulcus  in  the  upper  part  of  the  ascending  frontal  convolution. 

It  may  be  taken  as  included  in  the  previous  one,  but  is  marked  sepa- 
rately on  account  of  being  also  a  centre  for  the  tail. 

Besults  of  stimulation : — 

I.  Twisting  of  the  trunk  to  the  left,  along  with  some  not  well-defined 
movements  of  the  right  leg  and  tail. 

n.  In  this  case  the  same  action  was  observed  as  resulting  from  stimu- 
lation of  circle  T  2  \  viz.  flexion  of  thigh,  rotation  outwards,  leg 

and  foot  rotated  inwards,  with  the  toes  stretched  out,  semiflexed 
towards  the  middle  line  of  the  body.    Movement  of  the  tail  was 
not  noted, 
m.  Similar  action.    Tail  not  noted. 


^^H 

u^^^^^^i 
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:d. 

nil  o£  the  leg,  but  at  the  same  time  the  right  arm 

ed.     (This  action  of  the  arm  will  reeeiTe  explanatioti 

hi!  tail  was  not  obaen-ed. 

■J. 

s  of  the  right  hind  leg  as  before,  and  also  of  the  twi. 

.eiit  of  the  tail  was  not  noted  as  being  of  a  deSnita 

lor  whether  it  was  moved  to  tho  right  or  left, 

as  vn. 

meaa  VH. 

1. 

-alt.  described  under  VII. 

ivd. 

.,reJ. 

lit  of  these  observations,  aU  agreeing  with  each  other 
ts,  ig  to  show  that  circle  (  2  )  is  a  centre  for  the  hind 

I'liametor  from  circle  f  1  ),  being  more  concerned  in 
iud  leg  as  ftn  organ  of  prehension  or  climbing,  insfead 

of  simple  progression.     The  subdivision  circle  (3  } 
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Here  it  must  be  noted  that  the  centres  which  cftose  the  above- 
described  moyements  of  the  hind  leg,  as  well  as  those  afterwards 
to  be  described  which  cause  clenching  of  the  fist,  had  been  under 
stimulation  previous  to  the  exploration  of  this  region.  Hence 
the  result  is  to  be  looked  upon  as  the  combined  action  of  all  three 
centres.  This  is  the  real  difficulty  experienced  in  analysis  of  the 
complex  movements  of  the  limbs,  there  being  always  a  tendency 
to  have  complications  arising  from  the  irritable  condition  which 
continues  in  the  regions  which  have  been  under  experimentation. 
This,  along  with  the  tendency  to  convulsive  spasms  of  a  choreic 
or  epileptiform  nature,  lasting  for  minutes  after  the  cessation  of 
stimulation,  renders  it  frequently  excessively  difficult  to  draw 
accurate  conclusions.  The  results  described  have  always  been  those 
arrived  at  after  as  complete  exclusion  as  possible  of  these  adverse 
conditions. 

YI.  Eetraction  and  straightening  out  of  the  left  arm,  as  already 
described. 

YII.  Noted  as  action  of  the  latissimus  dorsi,  this  being  regarded 
as  the  chief  cause  of  the  movement. 

Yill.  In  this  case  the  shoulder  was  first  elevated,  the  humerus 
adducted,  the  wrist  and  hand  fully  extended,  and  the  whole  arm 
straightened  and  drawn  backward  in  the  manner  already  described 
inn. 

IX.  Left  arm  adducted,  and  then  extended  and  retracted. 

X.  A  similar  result. 

XI.  Not  explored. 

XII.  Not  explored. 

XIQ.  Action  of  the  latissimus  dorsi  as  already  described.  The  con- 
dition of  the  hand  is  not  noted. 

The  results  of  stimulation,  therefore,  of  this  region  agree  with  each 
other. 

I  have  observed  frequently  that  only  very  partial  action  was  occa- 
sionally obtained  at  some  points  in  this  circle  ;  sometimes  only  an  appear- 
ance of  adduction  of  the  arm. "  The  complete  action,  however,  appears  to 
be  such  as  I  have  described  as  resulting  from  stimulation  of  the  centre  of 
this  circle. 

Circle  (  ^  )»  figs.  1  &  2,  corresponding  to  the  posterior  third  of  the 
superior  frontal  convolution. 

I.  The  results  in  this  case  were  not  very  definite.    They  consisted  in  a 
complication  of  the  movements  of  the  leg,  already  described  as 

resulting  from  circle  (  2  \  along  with  an  extension  forwards  of 
the  right  arm. 


1 
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ctensioa  forwarda  of  the  left  arm  aod  also  a!  the  leg. 
le  not*d  tbat  the  leg-centres  had  been  already  under 

previous  to  exploration  of  this  centre. 
forwarda  of  the  right  arm  and  hand. 

wero  not  very  definite,  as  the  animaJ  waa  continiially 
.vn  into  convulsive  spasms  on  application  of  the  elec- 

thiiig  in  front. 

■J. 

'iiFiion  for\vardfl  of  the  whole  right  arm  and  hand. 

■tion. 

11  is  out8tret<;hed,  as  if  to  touch  some  object  in  front. 

I. 

lit. 

-ed. 

:  result,  but  apparently  resembling  tX. 

ilication  due  to  conjoint  irritation  of  the  leg-centrea, 
>  a  centre  for  a  de£nit«  forward  extension  of  the  axm. 

ital  convolution    0,  0,  0.  0),  figs.  1  &  2. 
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Continued  in  a  choreic  maimer  after  Btimulstioii. 
e.  Same  result  aa  d. 

h.  ExteDBion  oE  the  fingers,  but  more  espaciallf  of  the  thumb. 
a.  Thumb  only  ie  extended. 

Spasmodic  jerking  of  the  thumb  continued  several  seconds  after 
withdrawal  of  the  electrodes. 

III.  a.  Clenching  of  the  fist.     The  movement  b^iui  with  the  thumb, 
which  waa  first  adducted. 

h.  As  before,  clenching  of  the  fist  ;  at  the  same  time  the 
extensors  of  the  wrist  and  fingers  were  seen  to  be  contracted. 

e.  Momentary  application  of  the  electrodes  caused  adduction  of 
the  thumb,  followed  on  longer  stimulation  bj  clenching  of  the 
whole  fist  and  slight  pronation  of  the  hand. 

Aiter  several  other  regions  hod  been  explored,  these  pranta 
were  again  stimulated  in  Huccession. 

The  second  result  at  point  d  was  extension  of  the  thumb  and 
fingers  instead  of  flexion. 

A  second  stimulation  of  point  h  caused,  first,  adduction  of  all  the' 
fingers,  then  extension  of  the  wrist  and  flexion  of  the  distal  pha- 
langes, the  proximal  phalanges  not  being  flexed  till  the  wrist  waa 
fully  extended. 

The  repeated  application  of  the  electrodes  was  followed  in  this 
animal  by  an  epUeptiform  fit,  affecting  both  sides  of  the  body  and 
lasting  for  three  minutes. 

IV.  a.  Abduction  of  the  thumb. 

At  the  same  time  the  right  angle  of  the  mouth  was  retracted, 
owing,  as  will  be  seen,  to  the  proximity  of  the  centre  for  the 
platysma. 

b.  At  flrst  extension  of  the  thumb,  then,  on  longer  irritation, 
extension  of  the  wrist  and  flexion  of  the  fingers. 

e.  Thumb  adducted,  and  then  firm  clenching  of  tiie  fist. 
d.  Clenching  of  the  fist  and  pronation  of  the  hand. 

V.  a.  One  application  of  the  electrodes  caused  extension  of  the  thumb; 

another  caused  adduction  of  the  thumb  and  clenching  of  the 
■         fist,  with  extension  of  the  wrist. 

h.  Clenching  of  the  fist  and  extension  of  the  wrist,  as  before. 

c.  Clenching  of  the  fist  as  before,  with  complete  pronation  of 
the  hand. 

d.  Clenching  of  the  fist  repeated,  but  complicated  with  the 
action  of  the  latissimus  dorsi  and  backwwd  extension  of  the 
arm. 

The  reason  of  this  is  the  proximity  of  the  point  d  to  rarcle  (  ^  )• 

VI.  a,  h,e,d,  A  similar  result  in  aU,  viz.  flexion  of  the  fingers  and 
extension  of  the  carpus. 


f.  ±ir.st  JulductioTi  and  ll<»xion  c»f  the  thiim 
of  the  list  and  pronation  of  the  arm. 

IX.  (t,  />,  r,  J.  Slight  touch  causes  adduction  of  the 
long<T  stimulation  by  flexion  of  the  lingers  ai 
of  the  fist. 

Stunnlation  close  to  the  fissure  of  Boland 
movementfl,  and  also  very  decided  extension  of 
fist  was  completely  closed. 

X.  Not  explored. 

XI.  Sesolts  essentially  similar  to  IX. 
XIL  Not  explored. 

Xm.  denching  of  the  fist  as  in  former  experiment! 

The  yariations  described  in  the  movements  resulting 
of  the  ascending  parietal  convolution  are  apparently  aU 
ferent  aspects  of  combined  muscular  contractions,  whi< 
pletest  action  serve  to  cause  closure  of  the  fist  or  the  gi 
the  hand.  Centres  for  the  extensors  and  fiexors,  or  fo 
extensors,  of  the  individual  digits  could  not  be  definitely 

Owing  to  the  proximity  of  the  centre  for  the  platysi 

at  the  lower  end  of  the  ascending  parietal,  very  frequc 
firm  closure  of  the  fist,  there  was  decided  retraction  of 
mouth  on  the  same  side. 

Ascending  frontal  convolution : — 

CSrde  C^\  fig>*  1  &  2.    The  position  of  this  is  on 
posterior  extrfiinii:^  r**  *i •"•'•' 
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This  action  of  the  mouth  will  be  explained  by  reference  to  the 
action  of  the  centre  immediately  below  it. 

II.  Supination  and  flexion  of  the  forearm  and  hand. 

in.  A  similar  result. 

lY.  Flexion  of  the  forearm,  clenching  and  supination  of  the  hand. 

y.  Shoulder  raised,  forearm  firmly  flexed,  hand  clenched  and  supi- 
nated.  The  hand  ultimately  raised  to  the  mouth,  the  angle  of 
which  is  retracted  and  elevated. 

VI.  IlexLon,  with  slight  supinatiou,  of  the  forearm  and  hand. 

YU.  Flexion  and  supination  of  the  right  forearm  and  hand,  accom- 
panied with  clenching  of  the  fist  when  the  stimulation  was  applied 
near  the  fissure  of  Bolando. 

Yin.  Apparent  action  of  the  biceps  as  before. 

IX.  Flexion  and  supination  of  the  forearm  and  hand. 

In  this  case  it  was  found  very  decidedly  that  stimulation  close 
to  the  fissure-of-Bolando  side  of  the  convolution  caused  the  action 
of  the  biceps  to  be  associated  with  clenching  of  the  fist.  Towards 
the  lower  margin  of  the  circle  the  same  movements  were  asso- 
ciated with  retraction  of  the  angle  of  the  mouth. 

X.  Not  explored. 

XI.  Same  results  as  IX.  exactly. 

XII.  Not  explored. 

XTTT.  Besults  as  in  other  cases,  viz.  flexion  and  supination  of  forearm 
and  hand,  with  clenching  of  the  fist. 

These  uniform  results  point  very  clearly  to  this  as  the  centre  for  the 
biceps  and  muscles  concerned  in  bringing  the  hand  up  to  the  mouth. 

Circle  (Tj,  figs.  1  A  2.     Still  in  the  ascending  frontal  convolution, 
in  position  immediately  below  the  centre  for  the  biceps. 

I.  Eetraction  and  elevation  of  the  right  angle  of  the  mouth. 

II.  Eetraction  (with  elevation)  of  left  angle  of  the  mouth.     Occa- 

sionally in  stimulation  the  action  was  conjoined  with  that  of  the 

biceps. 
TIT.  Not  explored. 
lY.  Not  explored. 

Y.  Spasm  of  the  right  angle  of  the  mouth  and  of  the  cheek-pouch. 
YI.  Not  explored. 

Yn.  Elevation  of  right  angle  of  mouth. 
Yin.  Same  result  as  YII. 

IX.  Angle  of  the  mouth  raised  and  retracted,  along  with  action  of  the 
biceps  and  flexors  of  the  fingers. 

X.  A  similar  result.    In  this  case,  after  several  other  parts  had  been 

under  exploration,  excitation  of  this  region  gave  rise  to  a  s^osx^Si'^ 
VOL.  xxm.  "^  ^ 


11«  anelo  of  ,1,„  „,„„„,_  „„j  ,|,p^,^^_^„_.  '^;* 

Cirol„0,£g,.i4  2.    Werd„.„ia 
conrolulion, 

«.ta,b„t».„„.p,dalIyU,cLe 
«""»>>»  m  the  right  ,ide. 
u.  At  the  .ntorior  prt  of  the  drde  the  1 

Wrmreu,ofthe=i„a,thei^i,i, 
HI.  ft-^^d^' "'""-« »P-« 

IV.  Not  explored. 

V,  »"»«».  of  the  upper  Up  (right  .ld.)„ 

Stouhtjoa  ,„  Mo,^  h 

VI.CeX:,"'"'°'"»°™«'»^^' 
Vn.  Jilevatioa  of  right  .id»  of  upper  Lp  „d 

VUI.  Comh^ed  acSon  of  the  el,™t.r  of  the 
«o..„dofthedepre.„r.^'°f.;t 
a.  B.„Bo.  „,  ,i,  „j,p^^       ^^ 

"r    ""e»°"  "f  '!» lip.  md  oL..  Z 
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quently  exhibited  by  monkeya  under  the  inflaence  of  fear  or  anger,  vis. 
the  ezpoaure  ot  the  canine  teeth. 

Circles  (  9  J  and  floY  fig.  2,  correepondiiig  in  altnation  to  the 
lover  part  of  the  ascending  frontal  conyolution,  or  posterior  part  of  the 
inferior  frontal  convolution,  above  the  lower  end  of  the  fiaiure  of  SjlTina 
(Broca's  convolution). 

I.  C^j-    The  lips  pout,  month  gradually  opens,  and  the  tongue  is 

protruded. 

TloY   Action  similar  as  to  the  month,  bat  the  tosgns  is 

retracted.    Longer  stimulatiou  caused  moTementg  of  the  mon^ 
and  tongue,  as  in  mastication. 

II.  fs).  Month  opened  and  tongue  protruded. 

no).  Tongue  retracted. 

Movements  of  mastication  made  by  continued  stimulatioii. 
UI.  Same  resulte  aa  in  I.  and  U. 
IV.  Not  explored. 

Y.  f^ 9 \  as  in  former  cases,  causes  opening  of  the  mouth  and  protru- 
eion  of  the  tongue. 

Tio)  causes  retraction  of  the  tongue. 

Moyemeuts  of  mastication  also  cansed  on  longer  etamulatioa. 
TT.  Not  explored. 
Vn,  ffl  j.  Month  opened  and  tongue  protruded. 

(lo).  Same  result,  but  tongue  apparently  retracted. 

Vm.  (  9  j.  Opening  of  the  mouth  and  protrusion  of  the  tongue, 

^lOY  Same  result,  with  retraction  of  the  tongue,  followed  on 
continuous  stimulation  with  opening  and  shutting  of  the  mouth, 
and  alternate  protmsion  and  retraction  of  the  tongue. 

IX.  Similar  results  to  YIIT. 

X.  Not  explored. 

XI.  Eesults  of  Vin.  confirmed. 

XII.  Not  explored. 

XIXI.  Movementsof  the  month  and  tongne,  but  not  ot  any  very  definite 
character,  the  animal  being  in  a  state  of  exhaustion,  and  the 
excitability  of  the  brain  very  weak. 
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joint  very  definitely  (o  a  centre  for  the  moTCmonts  o£ 
ague,  the  muacies  concerned  in  mastication  and  also  in 
position  is  significant,  as  bemg  the  homologue  iu  man 
ic'h  is  the  Beat  of  lesion  in  the  disease  known  as  aphasia, 
posterior  extremity  of  the  lower  frontal  convolution, 
ision  ia  generally  on  the  left  side,  but  the  bilateral  move- 
y  the  eiperijnents  to  be  induced  from  both  right  and 

;a.  1  &  2,  correRpondinK  to  the  lower  termination  of 
•icfal  convolution  and  region  of  the  inferior  termination 
fill  sulcus  (the  conjoint  cxtremitiea  o£  the  ascending 
liar  gyrus). 

)f  the  right  angle  of  the  mouth,  apparently  the  platysma 

to  action. 

'ect  waa   kept  up   after   stimulation   in  a   epasmodic      , 

ed. 

;ic  of  the  month  retracted.     The  head  becomes  dro\ui 

it  by  powerful  contraction  of  the  platysma. 
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XnX  StroDg  contraction  of  the  plaiyama,  and  retraction  of  the  left 
angle  of  the  mouth. 

The  results  of  stimulation  of  this  centre  agree  vith  each  other,  and 
indicate  a  centre  for  the  platysma.  The  frequent  retraction  of  the  angle 
of  the  mouth  observed  on  causing  clenching  of  the  fist  is  explained  by  the 
prosimitf  of  the  two  centres  to  each  other. 

Island  of  Eeil  (central  lobe),  within  fissure  of  Sylvius : — 
Oning  to  the  central  lobe  in  the  monkey  being  completely  concealed 
within  the  lips  of  the  fisBure  of  Sylvius,  mechanical  injury  and  consider- 
able haemorrhage  is  necesBarily  caused  in  the  attempt  to  expose  it  clearly. 
This  is  mentioned  as  a  possible  explanation  of  the  negative  results,  but 
it  is  not  sufficient  to  account  for  the  apparent  non-excitability  of  this 
region. 
The  island  was  exposed  and  experimented  on  in  monkeys  IX.  and 

xin. 

IX.  Electrization  of  the  island  of  Beil  gave  no  results. 

Some  movements  of  the  month  were  caused  during  the  intro- 
duction of  the  electrodes  within  the  fissure,  but  were  referred  to 
stimulation  of  the  mouth-centres  in  close  proximity. 

XUI.  The  result  in  this  cose  was  also  negative. 

To  test  this  matter  more  fully,  another  monkey,  not  among  those 
already  numbered,  was  experimented  on  on  December  10. 

The  lips  of  the  fissure  of  Sylvius  were  carefully  separated,  without 
causing  much  injury  or  htemorrhage.  After  the  haimorrhage  bod  entirely 
ceased,  the  eledrodes  were  applied  directly  to  the  surface  of  the  central 
lobe. 

Ko  effect  was  observed. 

After  the  animal  had  been  allowed  to  rest  for  some  time,  it  was  then 
tested  as  to  the  excitability  of  the  other  centres.  The  hand,  leg,  and 
mouth  could  as  usual  be  acted  on  by  stimulation  of  their  respective 
centres. 

The  electrodes,  insulated  up  to  the  point,  were  again  appKed  to  the 
island  of  Beil. 

Ko  result  was  observed. 

Stronger  and  continuous  stimulation  gave  rise  to  choreic  spasms  of  the 
angle  of  the  mouth.  This  was  attributed  to  diffusion  of  the  current, 
owing  to  its  being  strengthened,  and  irritation  of  the  proximate  centres 
for  the  angle  of  the  mouth. 

Another  application  of  the  electrodes  within  the  lower  end  of  the 
fissure  caused  movements  of  the  mouth  and  tongue.  These  also  may 
have  been  due  to  conduction  to  the  mouth-centres  already  described. 

Beyond  these,  stimulation  of  the  island  of  Beil  yields  negative  reauk^. 
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gs.  1  &  2,  iiH'hidiiig  the  superior  nnd  middle  frontal  eon- 
m  antero-parietal  sulcus  (Huiley),  Bukiis  preocentralia 
iiterior  estremity  of  the  supero-froutal  buIcub. 

stimulatioa  of  these  convolutions  were  aU-aya  bo  iiiii- 
neral  result  of  experimentation  in  ten  monkeya  may  be 

The  results  were  :- 
le  eyebrows  and  the  upper  eyelids,  luming  o£  the  eyes 
'ppoaite  side,  and  great  dilatation  of  both  pupils. 
11  stimulation  of  the  centre  for  the  forward  extension  o£ 
vemeut  of  the  eyes  and  head  was  called  into  play. 

il  convolution  (including  all  in  advance  of  the  sulcus 

this  region  gave  no  results. 

region  (including  all  in  advance  of  the  anterior  eitrenuty 
utal  sulcus,  aud  indicated  somelimes  by  a  slight  sulcus 
.  the  median  iissure)  and  orbital  couvolution. 
M'ere  subjected  to  stimulation  in  four  cases,  via.  I.,  V,, 

lil  bi?  observed,  either  from  the  antero-frontal  or  orbital 
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ni.  Eyes  directed  upwards. 

IV,  Not  explored.        , 

V.  Not  explored. 
TT.  Not  explored. 

YII.  Botli  ejes  lure  directed  to  the  right  (whether  there  waa  aaj 
upward  direction  woa  not  noted). 
The  pupils  became  contracted. 

Vm.  The  eyes  were  directed  to  the  right  (notes  do  not  mention  as  to 
whether  any  upward  direction  was  observed).  The  pupil  was 
thought  to  be  slightly  contracted.  The  eyelids  during  the  stimu- 
latioQ  had  a  tendency  to  close.  The  head  also  inclined  to  the 
right  side. 

IX.  Both  eyes  directed  upwards  and  to  the  left.    Pupils  contracted  ? 

In  this  animal,  which  was  allowed  to  remain  quite  conaciotis 
during  stamulation,  an  experiment  was  made  as  to  vision  by  hold- 
ing before  it  a  teaspoonful  of  milt,  which  it  was  eager  to  seise. 
In  its  attempt  this  point  was  stimulated,  with  the  effect  of  causing 
confusion  of  rision  and  some  difficulty  in  reaching  the  milk. 

X.  Both  eyes  turned  to  the  left  and  slightly  upwards.    The  pupils 

contract  and  the  eyelids  tend  to  close. 

XI.  Both  eyes  to  the  right  and  upwards.    Pupils  not  observed. 
XU.  Both  eyes  to  the  left  and  upwards. 

Xm.  Both  eyes  to  the  left  and  upwards.    The  pupils  contract. 

Descending  limb,  circle  (13')- 

I.  Eyes  to  the  right  and  downwards.    Head  is  inclined  to  the  right 

side. 
n.,  IV.,  v.,  VI.  Not  explored. 
III.  Eyes  to  the  rigbt  and  downwards. 
Vil.  Both  eyes  directed  to  the  right.    Pupils  contract. 
Tin.  Eyes  down  and  to  the  right.    Eyelids  t«nd  to  close.    Head 

directed  slightly  to  the  right  side. 

IX.  Eyes  directed  down  and  to  the  left. 

X.  Eyes  to  the  left  and  slightly  downwards.    The  eyes  half  closed. 

Pupils  contract. 

XI.  Eyes  to  the  ri^t  and  downwards.    Pupils  not  observed. 

XII.  Same  as  XL 

xm.  Both  eyes  directed  downwards  and  to  the  left.  The  pupils 
contracted. 

These  results  are  obtained  on  the  pU  eourbe  from  the  centre  for  the 
platysma  (circle  (HJ)  down  to  the  termination  of  the  descending  limb 
in  the  fit  depaatage  connecting  it  with  the  occipital  lobe. 

ExperimentB  will  be  giveo  Bobsequently  as  to  tike  efiects  of  deateoiiifan^ 
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lid  an  attempt  diiuIq  to  mt«rpret  the  eignificatioii  of  these 
e  eyebalia. 

Iioro-aphenoidal  couvolution,  circIeB  n4\fig.  2(e3tenii- 
p  thirda  o£  its  length  from  above  downwards), 
p  only  compliitciy  desL-ribed  after  TIL,  as  the  car  wna  not 

the  experiments  gouig  before.     Keaidis  : — 
i  and  head  turned  to  the  right.     Nothuig  obsened  as  to 
lof  the  pupils  or  car. 
;  eyeballs  directed  to  the  left,  pupils  dilate, 
e  right,  pupils  dilate. 
I  eyes  quickly  turn  to  the  right,     Pupila  not  obBerred. 
led. 

I)n  (pricking)  o£  the  right  ear,  eyes  widely  opened,  pupila 
Bid  head  and  eyes  turned  rapidly  to  the  right. 

in  of  right  ear,  head  t«  the  right,  eyelids  opened  \ridely, 

od  to  the  right  with  great  dilatation  of  the  pupils. 

of  left  ear,  eyes  opened  widely,  head  quickly  turned  to 
s  not  observed. 

if  left  ear,  head  and  eyes  turned  to  the  left,  and  dilala- 
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of  the  month,  with  aome  moTementa  of  the  cbeek-pouchea  and 

tongue,  were  observed. 
X.  In  this  case  stimulatioii  o£  tho  coneipoiiding  r^on  caused  some 

indistinct  movementA  of  the  mouth  and  lips. 
Xm.  In  this  case  there  were  some  movemeuta  of  the  jaws  ;  not  oE 

Kaj  decided  character. 
These  are  all  the  bets  I  have  been  able  to  gather  from  experimentation 
on  this  region,  which  ii  attended  with  some  difficulty. 

Fig.  3. 


Lower  temporft-ephenoidal  conrolution  (inner  aspect)  and  region  of 
the  uncinate  convolution  and  occipito-t«mporal  gyrus.  Circle  f  ISJ,  figs. 
2&3. 

This  region  was  reached  and  stimulated  in  the  following  cases  with  these 

results : — 

Till.  Spasmodic  contraction  of  the  left  lip  and  ala  of  the  nose.    The 

result  was  a  sort  of  torsion  or  closure  of  the  nostril,  as  when  an 

irritant  is  applied  to  it.    The  action  was  on  the  same  side,  not 

crossed,  as  usual. 

IX.  Spasmodic  torsion  of  the  right  lip  and  nostril,  also  on  same  side 
as  stimulation. 

X.  Similar  results,  viz.  an  elevation  of  the  right  nostril  and  lip,  so  as 

to  cause  partial  closure.    In  this  case  the  phenomenon  was  ob- 
served on  both  sides,  tho  right  more  especially,  however, 
xm.  Torsion  of  the  right  lip  and  nostril,  as  before. 
In  all  these  cases  the  phenomena  were  ex&ctX^  i^^«.   Toa  Vwit  * 
TOL,  TXin.  ^  1. 
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le  same  side  as  the  atimulation,  is  explaiaed  by  the  origiu    J 

ry  bulb  without  decuaaation. 

lainly  iudicate  a  perception  or  subjective  uenMtion  of 

t  to  thia  as  the  central  aeat  of  the  sense  of  amell. 

1  (superior  and  middle  conTolutions). 

perimented  on  in  I.,  in.,  V.,  VH.,  YUI.,  IX.,  X.,  XI, 

n  another,  not  numbered,  on  November  21 , 
iicept  in  the  ease  of  X.,  to  be  afterwards  mentioned, 
uegtttivo  as  far  ae  outward  phenomena  were  concerned. 
resultB  are  not  to  be  attributed  to  eshauation  of  the 
le  brain,  for  the  other  centres  a(  the  aame  time  gave  the 

X.  it  was  observed  that  stimulation  of  the  mferior  occi- 
Q  towards  its  inner  aspect  caused  uneasy  movements  in 
d  tail,  the  head  being  turned  to  the  left  (opposite  side) 

Occasionally  also  a  plaintive  cry,  as  if  from  annoyance, 
n  cessation  of  the  iiritatiou  the  animal  subsided  into  ita 

:;sult  may  be  attributed  to  conduction  of  the  current  to 
■  other  part  of  (lio  dura  mat*r;  but,  owing  to  the  diiR- 
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JteBults : — 
VIIL  Left  corpus  striatom. 

StomulatioQ  ciuised  bending  of  the  body  to  the  right  (plenrostho- 
tonua)  and  rigidity  of  the  limbs  in  the  position  of  flexion. 
XT.n.  Bight  eorpus  striatum. 

Carving  of  the  head  and  trunk  to  the  kft^  the  platysma  being 
strongly  in  action^  while  the  limbs  were  maintained  in  a  rigid  con- 
ditiosi  in  the  position  of  flexion. 

The  results  indicated  that  all  the  musdes  were  simultaneously  in 
action,  indiyiduaUy  stimulated  by  irritation  of  the  cortical  centres. 

Optic  thalamus. 

Stimulated  in  YIU.  and  XTTT.    Besulta  :-- 

IX.  Entirely  negatiye. 

XTTT.  Also  negative  aftw  several  explorations  (rf  the  upper  surface. 

Application  of  the  electrodes  to  the  inner  aspect  in  the  region  of  the 
soft  commissure  caused  a  spasmodic  extension  of  the  limbs.  There  was 
no  cry  of  pain.  The  result  was  not  constant,  and  it  may  therefore  have 
been  an  accidental  complication. 

No  other  experiments  were  made  on  these  ganglia  in  the  monkey, 
on  account  of  their  resemblance  to  the  results  obtained  on  other  animals. 

Corpora  quadrigesiina. 

These  ganglia  were  subjected  to  experimentation  in  the  following  seven 
oases,  viz.  V., VI., Tin., IX., X., XIT., XLU.,  with  the  results: — 

Y.  In  this  case  the  exploration  was  not  sufficiently  definite,  as  the 
exact  position  of  the  electrodes  was  not  observed,  and  death 
occurred  before  a  more  careful  exploration  could  be  made. 

The  application  of  the  electrodes  to  the  ganglia  on  the  left  side 
(position  as  to  the  testes  or  nates  not  ascertained)  caused  the 
animal  to  utter  various  bailing,  howling,  or  screaming  sounds  of 
an  inrfK>ngraous  character. 

The  head  was  drawn  back  and  to  the  right,  and  the  right  ang^ 
ot  the  mouth  was  strongly  retracted  while  the  (^amolation  was 
kept  up.  The  tall  was  raised  and  the  limbs  were  thrown  into 
coiitortk»s,  but  nothing  further  was  ascertained,  as  the  animal 
died  from  hsamorrhage. 

YI«  In  tius  case  irritation  of  the  right  anterior  tubercle  (nates)  caused 
intense  dilatation  ef  both  pupils  (espeoaUy  beginmng  in  the  feft)^ 
elevation  of  the  eyebrows^  and  turning  of  the  eyebalk  ij^wards 
and  to  the  left,  at  the  same  time  that  the  head  was  turned  m  thQ 
same  direotioQ  with  an  intensely  pathetio  expression. 

Momentary  application  of  the  electrodes  to  the  posterior  tuber- 
cles (testes)  caused  the  animal  to  bark  loudly,  the  sound  passing 
with  longer  stimulation  into  every  concemliAib  xtonab^xi.  ^  V^s^-- 
mg  and  screaming. 
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I0U9  application  of  the  elsctrodes  for  several  secondx 
timately  firm  clencliing  of  the  jaws,  retraction  of  the 
thp  mouth  (particularly  the  left),  elfivatioa  of  the  eyo- 
li  retraction  of  the  ears.     The  pupils  were  dilated,  eyes 
len,  and  the  head  thrown  back.     The  (ail  became  ele- 
1  limbs,  aft^r  contortions  of  various  Icinds,  became  rigidly 
*k,  the  amis  drawn  back  and  flexed  at  the  elbows  and 
proiiranfed  to  the  sides.     A  complete  state  of  opiatho- 
a  induced.     The  dilat-ation  of  the  pupils  occurred  on 
of  both  nates  and  test«a ;  the  Hcreaming  &c.  only  on 
of  thp  testes. 

ults  in  this  case  were  essentially  the  same  as  in  VI.,  as 
he  dilatation  of  the  pupiltt,  howling,  and  rigidity  of  the 

,  Htimulation  of  the  anterior  tubercle  on  the  right  eidfj 
oration  of  the  eyebrows,  dilatation  of  the  pupils,  and 
p  of  the  eyes  to  the  left.     Irritation  of  the  ganglia  for 
>  caused  a  condition  of  opisthotonus,  and  the  phenomena 
.inder  YI. 

on  of  the  testea  caused  utterance  of  every  variety  of 
ntl  howling,  uitimatdv  trismus  and  general  opisthotonus, 
in  IX. 
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May  13, 1875. 

Dr.  J.  BURDON  SANDERSON,  Vice-President,  in  the  Chair, 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

In  pursuance  of  the  Statutes,  the  names  of  the  Candidates  recom* 
mended  for  election  into  the  Society  were  read  from  the  Chair  as 
follows : — 


William  Archer,  M.EJA. 
James  Bisdon  Bennett,  M.D. 
Dietrich  Brandis,  Ph.D.,  F.L.S. 
James  Caird,  C.B. 
Prof.  John  Casey,  LL.D. 
August  Dupre,  Ph.D.,  F.C.S. 
James  Geikie,  F.E.S.E. 
James  Whitbread    Lee   Glaisher, 
M.A. 


John  Baboneau  Nickterlien  Hen^ 

nessey,  F.E.A.S. 
Emanuel  Klein,  M.D. 
E.  Bay  Lankester,  M.A. 
George  Strong  Nares,  Capt.  E  Jf . 
Eobert  Stirling  Newall,  F.E.A.S. 
William  Chandler  Eoberts,  F.C.S. 
Major-General  Henry  T.  D.  Scott, 

E.E.,  C.B. 
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The  Croonian  Lecture,  "Experiment^ on  the  Brain  of  Monkeys 
(Second  Series),  was  delivered  by  David  Ferrier^  M.A., 
M.D.,  Professor  of  Forensic  Medicine,  King^s  College.  Com- 
municated by  Dr.  Sanderson,  V.P.E.S.  Received  April  27, 
1875.     The  following  is  an  Abstract : — 

This  paper  contains  the  details  of  experiments  on  the  brain  of  monkeys, 
supplementary  to  those  already  laid  before  the  Society  by  the  author. 
They  relate  chiefly  to  the  effects  of  destruction,  by  means  of  the  cautery, 
of  localized  regions  previously  explored  by  electrical  stimulation. 

Twenty-five  experiments  are  recorded  in  detail,  and  the  individual 
experiments  are  Ulustrated  by  appropriate  drawings.  The  results  are 
briefly  sunmied  up  as  follows  : — 

1.  Ablation  of  the  frontal  regions,  which  give  no  reaction  to  electrical 
stimulation,  is  without  effect  on  the  powers  of  sensation  or  voluntary 
motion,  but  causes  marked  impairment  of  intelligence  and  of  the  faculty 
of  attentive  observation. 

2.  Destruction  of  the  grey  matter  of  the  convolutions  bounding  the 
fissure  of  Bolando  causes  paralysis  of  voluntary  motion  on  the  opposite 
side  of  the  body ;  while  lesions  circumscribed  to  special  areas  in  these 
convolutions,  previously  localized  by  the  author,  cause  paralysis  of  volun- 
tary motion,  limited  to  the  muscular  actions  excited  by  electrical  stimula- 
tion of  the  same  parts. 
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loF  the  anguJar  gyrus  (pli  courbe)  c&usei  blindueaaof  Hie 
j  other  senses  and  voluutary  motion  remaining  unaf- 
liiidness  is  only  of  temporary  duration,  provided  the 
I  the  other  hemisphere  remains  intact.      When  both 

H  of  visual  perception  is  total  and  permanent, 

Lf  eleetrieal  stimuJation,  and  the  results  of  destructioa 

Icmporo- sphenoidal  convolutions,  indicate  that  they  ore 

e  of  hearing.     (The  action  is  crossed.) 
I  of  the  hippocampus  major  and  hippocampal  convo- 

e  of  touch  on  the  opposite  side  of  the  body, 
lif  amell  (for  each  nostril)  has  its  centre  in  the  subi- 
:  tip  of  the  uncinate  cou\olution  on  the  same 

|f  taste  is  localized  in  a  region  in  close  proximity  to  the 
iahed  by  destructive  leaion  of  the  lower  part 
liheuoidul  lobe.     (The  action  ia  crossed.) 
I  of  the  optic  thalamus  causes  complete  ansesthesia  of  the 

' e  body. 
J  the  occipital  lobes  produces  no  effect  on  the  special 
Bpowers  of  volimlary  motion,  but  is  Followed  by  a  state 
Ml  rcfuBal  of  food,  not  to  be  accounted  for  by  mere  (.011- 
!   couaeijuetit  oii  Ihi'  o|)fTatii>ii.     The  fuuclinii   of 


1875.J      On  the  Liquation  of  Alloys  of  SUver  and  Copper.        433 

I.  "  On  the  Liquation  of  Alloys  of  Silver  and  Copper/*  In  a  Letter 
addressed  to  the  Secretaries  of  the  Royal  Society,  by  Col. 
J.  T.  Smith,  Madras  Engineers,  F.B.S.  Received  April  2, 
1875. 

It  has  occurred  to  me  that  it  might  be  useful,  as  a  guide  to  future 
inquiries,  if  I  were  to  communicate,  in  reference  to  Mr,  Boberts's 
paper  "  On  the  Liquation,  Fusibility,  and  Density  of  certain  Alloys  of 
Silver  and  Ck)pper,"  the  results  of  some  experiments  made  by  me  many 
years  ago,  the  conclusion  to  which  I  was  led  being  that  the  separation 
of  the  constituent  parts  of  an  alloy  containing  91^  per  cent,  of  silver 
was  not  so  much  due  to  the  rapidity  or  slowness  with  which  the  heat  of 
the  fluid  metal  was  abstracted,  as  to  the  inequality  affecting  its  removal 
from  the  different  parts  of  the  melted  mass  in  the  act  of  consolidation. 
Thus,  if  a  crucible  full  of  the  melted  alloy  were  lifted  out  of  the  furnace 
and  placed  on  the  floor  to  cool,  the  surface  of  the  melted  metal  within  it 
being  well  covered  with  a  thick  layer  of  hot  ashes,  the  lower  parts  of 
the  mass,  after  it  had  become  solid,  would  be  found  to  contain  less  silver 
in  proportion  than  the  upper  surface. 

If,  on  the  other  hand,  the  crucible  were  left  to  cool  while  imbedded  in 
the  furnace,  the  upper  surface  only  being  exposed  to  the  air,  except  a 
thin  layer  to  protect  it  from  oxidation,  then  the  lower  parts  would,  after 
solidification,  be  found  finer  than  the  upper  surface. 

The  variations  here  referred  to  are  not  considerable ;  but  they  some- 
times become  of  practical  importance,  especially  in  those  cases  wherein, 
as  the  practice  of  the  Indian  Mints  used  to  be,  the  value  of  a  large  mass 
of  coins  is  calculated  by  the  assay  of  samples  cut  from  a  representative 
bar,  formed  by  melting  together  a  number  of  the  pieces  selected  from  the 
mass. 

Under  certain  conditions,  different  parts  of  a  bar  of  60  or  60  lbs. 
weight,  cast  horizontally,  though  composed  of  metal  which,  previous  to 
beiug  poured  from  the  crucible,  was  perfectly  homogeneous,  might  be 
found  to  vary  as  much  as  1|  or  even  2  per  cent.  A  much  smaller 
difference  than  this  might  be  the  cause  of  considerable  loss  or  gain  in 
the  valuation  of  a  large  invoice. 

This  peculiar  action  in  the  cooling  of  melted  silver  alloy  first  attracted 
notice  by  observation  of  the  fact  that  coinage-ingots,  which  were  about 
15  inches  high,  2^  inches  broad,  and  ^  inch  thick,  cast  in  vertical  iron 
moulds,  were  uniformly  finer  at  their  upper  surface  and  coarser  at  their 
sides  and  bottom,  especially  at  the  comers. 

It  was  at  first  thought  possible  that  this  might  be  due  to  the  combus- 
tion of  the  oil  employed  to  lubricate  the  moulds  causing  a  sensible 
refinement  of  the  metal,  as  the  flames  were  frequently  tinged  by  copper ; 
but  the  same  increased  fineness  of  the  tops  of  the  ingots  was  found  to 
exist  when  they  had  been  poured  into  new  iron  moulds  which  h»^\^<ssH^^ 


^^^IHI^I 

Col.  J.  T.  Smitli  on  /he                     [May  27, 

and  also  when  burnt  clay-inoulda  were  nsed— tho  only 
lie  phenomenon  did  not  occur  bein;;  when  elay-mouldB 
■ss  were  used,  and  the  melted  metal,  instead  "of  being 
top,  was  caused  to  rise  from  the  bottom  upwards, 
und  that,  by  using  artificial  means  to  cool  the  ingots  from 
.ice  only,  the  usual '  refinement  was  prevented,  and  the 
■aused  to  become  oa  inferior  in  quality  at  the  top  oe,  in 
i-ae,  it  would  have  been  at  the  bottom, 
■r  many  experiments,  it  was  satisfactorily  eatablished 
nnn  the  metal  might  take,  the  act  o£  coohug  caused  a 
11  of  the  copper  towards  the  siu-faces  from  which  the  heat 
those  parts  of  a  bar  or  ingot  beiug  the  finest  which  con-       i 

nts  here  referred  to  were  part  of  a  series  constituting  a       J 
of  all  the  ordinary  processes  of  a  mint,  with  the  view       i 
le  unavoidable  causes  of  the  loss  of  precious  metal,  if      ^ 
ring  their  amount.     In  the  course  of  the  series  more 
3  were  made  of  standard  silver  under  various  conditions ; 
ns  a  demonstration  of  the  fact  that,  with  the  exception 
iisidcrablo  proportion  left  in  the  sweepings,  which  might 
ilver  coinage,  to  less  than  ihe  twenty  thousandth  part, 
•  ought  to  occur;  and  hence  that,  if  the  quantity  left  in 
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of  1  dwt,  in  the  pound,  or  the  ^^^  part ;  and  as  the  coins  were  cut 
in  a  double  row  down  each  strap,  from  top  to  bottom,  it  followed  that 
every  coin  at  one  end  of  a  transyerse  diameter  touched  the  edge  of  the 
strap,  or  the  coarser  metal,  and  at  the  other  end  of  the  same  diameter 
touched  the  interior  or  finer  metal. 

Thus  the  different  parts  of  coins  composed  of  standard  sil?er  vary 
essentially  in  fineness  at  different  points  of  their  circumference.  If  we 
were  to  call  those  parts  of  the  coins  north  and  south  which,  before  they 
were  cut,  lay  in  the  direction  of  the  length  of  the  strap,  and  those  at 
right  angles  thereto  east  and  west,  it  would  give  a  correct  idea  of  this 
peculiarity  to  say  that  there  is  no  essential  difference  between  the  north 
and  south  sides  of  the  piece,  but  a  considerable  one  between  the  east 
and  west,  frequently  amounting  to  |  dwt.  in  the  lb.,  and  in  coins  cut 
from  certain  portions  of  each  strap  to  more  than  1  dwt.,  or  i^^,  some- 
times even  to  2  dwts.  From  this  circumstance  it  is  evident  that  assays 
taken  in  the  manner  formerly  used  for  the  pyx  examination  of  coins 
in  some  of  the  Indian  Mints,  by  flattening  one  edge  of  a  coin  and 
cutting  off  a  part  of  it  for  trial,  may  often  lead  to  its  unjust  condem- 
nation; and  when  the  whole  work  of  a  mint  of  many  thousands  of 
pounds  value  is  liable  to  rejection  in  consequence  of  an  unfavourable 
report  upon  individual  coins,  which  more  than  once  occurred  in  Madras, 
it  is  obvious  that  a  more  correct  method  of  ascertaining  the  average 
fineness  of  the  whole  outturn  is  very  desirable. 

Eor  this  purpose  it  was  suggested  that  the  samples  for  assay  should 
be  taken  from  the  centre  of  each  coin,  or  by  a  ring  representing  the 
whole  circumference.  But  the  true  average  fineness  of  the  whole  of  a 
large  silver  coinage  is  much  more  easily  and  better  arrived  at  by  taking 
out  a  large  number  of  the  coins  indiscriminately,  and  having  melted 
them  together  into  a  perfectly  uniform  and  homogeneous  compound,  pro- 
ceed according  to  the  following  method,  which  was  latterly  adopted  in 
India. 

While  the  representative  coins  are  undergoing  fusion,  a  portion  is  taken 
out  in  its  fluid  homogeneous  condition  and  granulated  by  pouring  into 
cold  water.  A  number  of  the  granules  are  then  selected  for  assay,  and 
after  being  carefully  dried  and  weighed,  are  wholly  (that  is,  each  granule 
in  its  integral  state)  dissolved  in  acid.  The  silver  contained  in  them  is 
afterwards  separated  as  a  chloride,  and  estimated  in  the  usual  way,  the 
fineness  of  the  mass  being  calculated  by  a  comparison  of  the  weight  of 
pure  silver  thus  ascertained  with  the  original  weight  of  the  granules. 

When  carefully  prepared,  as  above  described,  there  is  a  near  agreement 
in  the  finenesses  of  the  single  granules,  which  rarely  differ  from  the  mean 
fineness  of  the  metal  so  much  as  two  thousandths  when  individually 
assayed,  more  than  half  of  them  being  found  within  one  thousandth, 
and  the  average  of  a  number  consequently  very  close  to  the  truth. 
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Reversed  Tracings."      By  C.  Handfield  Jones, 
antab.,  F.R.S-    Received  March  22,  1875. 
began  to  une  the  aphygniograph  I  was  advised   by  a 
1  spring  (which  only  gave  a  pressure  up  to  200  gnimmea) 
whioli  was  capablu  of  giving  400.     While  working  with 
btained  from  the  pulse  of  a  healthy  man,  set.  52,  the 

fig.  I.,  the  pressure  employed  being  3S4  grammes.     It 
1  an  ordinary  tracing  of  a  normal  pulse,  except  that  it  iB 
■  gloss  is  tunietl  round  and  viewed  from  the  non-smoked 
a  oil  nn  riijU ;  but  viewed  from  the  side  on  which  it  was 
y-turvy  sideways,  if  such  a  phrase  be  permissible.     1 
ehend  it,  and  showed  it  to  a  friend  more  versed  in 
han  I  was  then  ;  but  he  could  only  say  that  I  must  have 
;e  mistake.     Other  good  observers  thought  the  tracings 
lary,"  but  could  givo  no  explanation  of  their  miton 
ng  how  I  could  have  erred,  1  varnished  my  slide  and  put 

that  I  might  get  to  understand  it  some  day.     I  noted, 
t  Ihat  the  pressure  was  very  high,  vie.  3H4  grammes. 
nially  employ  for  average  pulses  is  84  grammes  to  140. 
lake  observations,  I  iioticiHl  oei'nsiouolly  that  the  lever, 
haved  iu  an  unusual  manner  ;  instead  of  jerking  up- 
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Fig.  T.  Rarened  tncings  t&bsn  from  pulie  of  &  hesltliy  nule,  K 
emplojod  384  gi 


II.  Traoingi  from  pulM  of  B  man,  tot.  about  25.  Fr«eiiire  employed  for  a,  b,  %ni  « 
I40gmmmc«,  for  d  84  gnunme*.  a  a  nonnsi,  b  and  e  are  roTeraed;  i, 
taken  tvo  or  three  minulea  lat«T,  ii  uormal  again. 

m.  Tracings  of  pulae  of  Hr.  E.,  ct.  about  S.'i.  healthy  and  robuiit.  a,  norma}, 
vitfa  preaiure  300  grammea ;  b,  rerened,  with  prenure  7&0  grarnmea. 

IT.  Sbowi  effeot  of  increased  prcnmrA  in  lowering  rise.  Pulae  of  male,  st.  1ft, 
epileptic,  a  taken  with  preeeure  50  gTsnunee,  b  with  84  grantmee,  i  with 
113  grammea,  d  with  196  grammea. 

T.  Tracing!  taken  with  schema,  a,  apring  retting  on  artery,  preaaare  2  oz.,  IcTcr 
jerking  upwards ;  b,  plat«  leating  on  arterj,  preaaUre  30  oi.,  lever  jeikiilg 
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mI  in  fig.  IV. ;  it  may  even  reduce  the  tracing  to  a 

md  this  it  seems  as  if  the  force  of  pressure  "  could  no 

J  iLnint*!lligib!e  how,  after  a  sufficient  force  has  been  used 

Inrtery,  n  greater  amonut  of  force  should  produce  a  fall 

Biisideriog  thiae  tracings  it  seemed  very  important  to 

e  really  corresponded  to  the  rise  of  the  normal 

I  The  constant  presence  of  the  notch  in  the  apparent 

suggested  that  this  was  perhaps  not  systolic  in  cardiao 

; ;  dnd  on  examination  this  proved  to  be  the  case  ;  for 

Bnt^raph  applied  to  Mr.  Hawksley's  radial  was  giving 

I  of  the  lever,  at  a  rate  below  7*1  per  minuto,  I  observed, 

r  radial,  that  each  drop  of  the  lever  coincided  exactly 

I  be  pulse,  and  was  therefore  syutoUc  in  time,  so  that,  of 

liiust  have  been  diasystolic.     This  conclusion  was  sabs&> 

I'd  by  observations  made  with  a  "  schema,"  every  con- 

II  causing  a  falJ  of  the  lever  under  circumstances  to  bs 

|itioned.     The  "  schema  "  employed  was  rather  a  rude 

's  syringe,  with  a  long  flexible  tube  attached,  the 

,3  obstructud  to  make  the  pressure  more  effectual. 

vas  placed  under  tlio  spring  of  the  sphygmograph 

;  ball  jerked  the  lever  up,  and  produced  such  a 
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appears  to  be  so  closely  connected  with  the  existence  of  an  undue  amount 
of  pressure.  In  fig.  U.  I  find  it  rather  difficult  to  think  that  the  degree 
of  pressure  did  not  in  some  way  modify  the  form  of  the  tracing.  Of 
course  if ,  as  is  most  probable,  reversal  of  the  tracing  depends  solely  on  the 
cause  I  haye  pointed  out,  and  can  be  produced  in  no  other  way,  no  pos- 
sible efEect  can  be  attributed  to  any  alteration  of  the  spring^pressure,  as 
the  spring  is  dissociated  from  the  cause  of  motion. 

The  only  notice  I  have  found  in  Marey's  work  of  any  thing  like  such 
traces  as  I  have  described  occurs  at  p.  282,  where  he  says  : — "  Type  84 
presents  a  singular  peculiarity,  the  rebound  has  not  had  time  to  finish 
before  the  arrival  of  a  fresh  pulsation ;  the  result  is  a  form  which  might 
be  taken  for  a  tracing  inverted  (ecrit  en  sens  inverse) ;  but  this  depends 
only  on  the  phenomena  of  dicrotism  not  having  had  time  to  work  them- 
selves out  {s^accomplir)  between  two  successive  pulsations." 

The  circumstance  that  the  aortic  notch  is  preserved  during  the  arterial 
systole  taking  place  under  such  altered  circiunstances  is  noteworthy,  and 
shows  the  essentiality  of  this  event.  It  was  remarking  the  presence  of 
this  notch  which  first  made  me  suspect  that  the  sloping  ascent  of  the 
inverted  tracing  was  not  equivalent  to  the  ascent  of  the  ordinary. 

The  chief  practical  lesson  to  be  derived  from  the  foregoing  statements 
is,  that  we  need,  in  using  the  Sanderson-Marey  sphygmograph,  to  be  very 
careful  that  the  brass  plate  is  so  placed  as  not  to  rest  upon  the  artery. 
If  the  artery  is  pressed  on  by  the  spring  and  the  brass  plate,  the  pres- 
sure of  the  latter  being  materially  the  greatest,  the  amplitude  of  the 
tracing  may  be  factitiously  increased.  If  the  brass  plate  alone  press  on 
the  artery  the  tracing  will  be  reversed.  I  think  the  arch  in  the  middle 
of  the  plate  should  be  much  wider  than  it  is  often  made. 

III.  "  Note  on  the  Discharge  of  Ova,  and  its  relation  in  point  of 
Time  to  Menstruation.''  By  John  Williams,  M.D.  Lond.^ 
Assistant  Obstetric  Physician  to  University  College  Hospital. 
Communicated  by  Dr.  Sharfey,  F.B.S.  Received  April  7, 
1875. 

It  is  a  recognized  fact  in  physiology  that  ova  are  discharged  in  con- 
nexion with  the  menstrual  function,  but  it  is  uncertain  at  what  time  in 
the  course  of  the  month  the  separation  takes  place.  It  is  generally 
understood  to  occur  towards  the  end  of  the  discharge,  or  immediately 
after  its  cessation.  I  have,  however,  reason  to  believe,  from  observations 
made  in  several  subjects,  that  such  is  not  the  case,  but  that  it  takes  place 
before  the  appearance  of  the  monthly  flow  with  which  it  is  connected. 
The  cases  which  have  come  under  my  observation  fall  into  four  series, 
as  follows : — 

A.  Cases,  six  in  number,  in  which  a  Graafian  follicle  had  been  matured 
and  actually  ruptured. 
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Bf  these  was  a  young  girl  wlio  died  tlirongh  the  effeeta 

t  four  days  before  the  expected  rehim  of  the  patamoDia. 

was  a  reoontly  ruptured  Qraafiait  follicle.     The  cavity 

s  aboufc  I  inch  iu  diameter,  and  contained  a  recent  clot, 

ilightly  through  the  rupture  ;  the  clot  was  of  a  fresh  red 

iLdhereut  to  the  parts  around,  for  on  making  a  Bection. 

lie  it  fell  out.     The  wall  of  the  vesicle  was  of  a  palo 

I  n,iicl  slightly  wrinkled.    The  rupture  had  evidently  taken 

only  before  death. 

juhject  was  a  w  otnan  who  died  suddenly  through  a  fall, 

Ight  after  the  cessation  of  the  last  menstrual  flow.     On 

liisiderable  quantity  oE  blood  was  found  in  the  cavity  of 

Jnnd  the  liver  was  torn.     In  the  left  ovary  was  a  rup- 

■  h  comtgated  and  collapsed  walls;  its  cavity  contained 

e  was  a  slight  effusion  between  its  lining  membrane 

The  depth  of  the  follicle  from  the  rupture  to  tha 

[  the  oppoait-e  wall  measured  nearly  ^  inch.     It  is  not 

s  follicle  was  ruptured  somewhat  prematurely  by  the 

mple  was  observed  during   life.     Mr.  Christopher 
)vnriotomy  on  a  patient  on  the  fourteenth  ilav  ufttr 
[  the   hiNt  cntaiiifiiial    disdiargc.      MeiiHtruatioii   hiiJtt'd 
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six  days  after  the  cessation  of  the  catamenia.  On  the  surface  of  the 
right  ovary  was  a  small  cicatrix,  beneath  which  was  a  corpus  luteum 
with  the  following  characters  : — It  was  of  an  irregular,  elongated  shape, 
nearly  ^  inch  in  length  and  |  in  width ;  had  thick,  yellow,  convoluted 
walls,  and  enclosed  a  small  whitish  mass,  in  which  were  two  dark- 
coloured  spots,  which  were  evidently  the  remains  of  a  clot.  This  ovary 
contained  also  a  Graafian  follicle  of  the  size  of  a  small  pea.  The  deter- 
mination of  the  age  of  effused  blood  is  always  difficult.  In  the  Graafian 
follicle  which  becomes  ruptured  without  impregnation  taking  place  it  is 
known  that  certain  definite  changes  occur ;  the  wall  of  the  vesicle  becomes 
thick,  yellow,  and  convoluted;  the  blood  which  flowed  into  it  and  filled 
it  becomes  decolorized  and  absorbed.  The  exact  length  of  time  in  which 
these  changes  in  the  follicle  are  brought  about  is  not  accurately  deter* 
mined,  but  it  is  known  that  the  corpus  luteum  of  one  menstruation  has 
become  considerably  atrophied  by  the  return  of  the  next. 

It  appears  to  me  that  the  yellow  body  in  the  last  example  of  this  group 
was  considerably  older  than  the  two  preceding  ones,  and  that  it  was  more 
than  a  fortnight  old,  and  that  the  two  preceding  ones  were  from  eight  to 
ten  days. 

B.  Gases,  four  in  number,  in  which  a  Graafian  follicle  had  been  ma- 
tured, and  ha)morrhage  had  taken  place  into  its  cavity,  but  no  actual 
rupture  had  occurred. 

(1)  The  first  case  was  a  patient  who  died  of  pysDmia  in  the  third  week 
after  the  cessation  of  the  last  caiamenial  flow.  The  left  ovary  contained 
a  follicle  |  inch  in  diameter,  distended  by  a  recent  non-adherent,  softish 
coagulum,  uniform  in  consistence  and  colour.  This  follicle  was  pro- 
minent above  the  adjacent  surface  of  the  ovary ;  and  its  superficial  wall 
was  thick,  and  presented  no  tendency  to  point  or  rupture.  There  was 
no  recent  rupture  to  be  seen  on  the  surface  of  either  ovary. 

(2)  The  second  example  was  a  woman  who  had  undergone  an  opera- 
tion for  fistula  in  ano.  The  monthly  flow  made  its  appearance  a  week 
before  the  expected  time  for  its  return,  and  she  died  five  days  after.  One 
ovary  contained  a  follicle  measuring  f  inch  by  j  inch  ;  this  follicle  con- 
tained a  bright  red,  fresh,  loose  clot,  and  its  walls  were  thin  and  not 
corrugated.  From  these  characters  it  appears  that  the  hemorrhage  into 
the  follicle  had  taken  place  but  a  short  time  before  death. 

(3)  The  next  was  a  patient  who  had  undergone  an  operation  for 
the  removal  of  an  ovarian  tumour.  She  died  a  fortnight  after  the  opera- 
tion, when  she  had  menstruated  for  one  day.  At  the  inner  extremity  of 
the  left  ovary  was  a  large,  dark-coloured,  softish  mass,  which,  on  section, 
proved  to  be  a  Graafian  follicle  containing  a  brick-red-coloured  clot,  which 
appeared  to  be  of  a  spongy  texture.  It  could  with  difficulty  be  turned 
out  of  the  sac.  After  its  removal  it  was  seen  that  the  wall  of  the  sac 
was  formed  by  a  thin  yellowish  substance. 

(4)  The  last  example  in  this  group  was  a  person  who  suffered  with 
fibroid  tumour  of  the  uterus.     She  died  on  tVve  ttivr^  ox  Io>m^  ^jnj  ^'L'*^^ 
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Both  ovaries  wcro  bound  to  the  surrounding  structitrea 
in  false  memhranea.     The  left  contaijied  a  follicle  nearly 
h,  in  which  was  found  a  softish,  dark -coloured  clot,  haviug 
r',  which  appeared  to  be  several  days  old. 
id  third  members  of  this  group  hiemoirhage  had  taken 
llicle  unqtiestionably  before  the  appearance  of  the  catar- 

,  hfBinorrhage  had  occurred  before  the  (low  had  become 
■Iter,  owing  to  surgical  interference,  baring  returned  a 
time,  the  hiemorrhage  took  place  while  the  discharge  wob 

the  condition  of  the  clot  makes  it  almost  oertain  that 

had  taken  place  before  the  api>earance  of  the  catameniiu 

1  which  a  Graafian  follicle  had  matured,  but  where  ueitLer 

lorrhage  had  actually  occurred, 

lient  who  died  of  typhoid  fever  juBt  before  the  appear- 

luenia.     In  one  ovary  there  was  an  enlarged  Graafian 

a.s  highly  vascular,  and  projected  like  a  nipple  beyond 

aurface.     It  was  evidently  on  the  point  of  bursting,  and 

i-ther  rupture  of  the  follicle  or  the  appearance  of  the 

have  taken  place  first. 

■,-  in  number,  in  wliich  no  Graafian  follicle  bad  become 
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a  periodical  diecliarge  WM  inunineiit,  though  Hhe  orSries  contained  no 
matured  Graafian  folUcIe.  It  b  not  improbable  that  the  follicles  which 
were  found  in  the  three  last  cases,  and  which  were  enlai^ed  to  the  siie 
of  a  small  pea,  would  hare  become  mature  by  the  next  return  of  the  flow. 
I  have  carefully  considered  the  cases  recorded  by  Gruikabank,  Jones, 
Faterson,  Lee,  Oirdwood,  Negrier,  Coste  and  others,  and  find  that, 
though  they  do  not  contribute  materially  to  the  solution  of  the  qoestion 
discussed  in  this  paper,  yet,  in  so  far  as  they  go,  they  favour  the  view 
put  forwwd  here — a  view  which  derives  support  from  the  custom  im- 
posed by  the  Levitical  law,  and  observed  to  this  day  by  the  stricter  sect 
of  the  Hebrew  community. 

Fostecript.     Heceived  June  10, 1875.     Communicated  hy 
Dr.  Sharpey,  F.R.S. 

Since  writing  the  above,  I  have  had  opportunities  to  examine  two  sul^ 
jects  in  whom  the  date  of  the  last  menstruation  was  known. 

The  first  was  a  girl  aged  17  years,  who  died  on  the  fifth  day  after 
admission  to  the  Middlesex  Hospital  of  tramnatic  tetanus.  She  was  said 
to  have  ceased  to  menstruate  just  before  admission ;  and  the  condition  of 
the  inner  surface  of  the  uterus  confirmed  that  statement.  The  ntenu 
and  ovaries  were  small  and  imperfectly  developed.  On  the  surtace  of  the 
right  ovary  was  found  a  patch  j  inch  in  diameter,  slightly  injected,  and 
presenting  a  punctated  appearance.  In  its  centre  was  a  cicatrix,  appear- 
ing as  a  white  spot,  beneath  which  was  situated  a  yeUow  body,  elongated 
and  irregularly  flattened  in  shape.  This  appeared  to  be  due  to  pressure 
from  several  Graafian  follicles  growing  in  close  proximity  to  it,  the 
largest  of  which  was  as  large  as  a  small  pea.  The  yellow  body  measured 
nearly  j  inch  in  length ;  it  had  folded  walls,  and  in  its  centre  was  a  thin 
elongated  clot,  the  middle  of  which  was  of  a  dark  colour. 

The  second  subject  was  aged  23  years  ;  she  died  of  Bright's  disease. 
The  last  menstruation  began  May  13th,  ceased  May  19th,  and  death 
occurred  May  28th,  15  days  after  the  appearance  of  the  flow.  Hiemor- 
rhage  had  taken  place  into  the  superficial  tissue  of  the  ovaries,  probably 
by  reason  of  the  condition  of  the  blood. 

In  the  right  was  a  small  superficial  prominence  formed  by  a  yellow 
body,  which  measured  about  |  inch  in  diameter ;  it  was  throughout  of 
a  yellowish  colour,  and  contained  no  trace  of  the  colouring-matter  of 
blood.  On  comparing  these  organs  with  one  another  and  with  those 
previously  described,  I  am  led  to  infer  that  in  thefirst  12tol4days,  and 
in  the  second  about  20  days  had  elapsed  since  rupture  of  the  follicle 
occurred. 

B^chert  baa  examined  23  organs  in  which  signs  of  menstruation  were  re- 
cognizable. In  four  cases  a  Graafian  follicle  had  matured  but  not  ruptured, 
nor  had  hemorrhage  taken  place,  though  the  decidua  menstruaUs  was  in  a 
state  of  greater  or  less  devdopment ;  in  eight««Q  CBAe&  ik  Qi'na&KE^\!J&du& 


y^^^^^^^H 

taUct  on  the  Mechcmum  of  StrombolL       [May  27, 

hiBmorrhage  had  taken  place  into  the  decidiia ;  in  one  eaae 
I'ding  had  not  begun,  had  a  Qraafion  follicle  been  rup- 
r  statement  ajipears  opposed  to  fhp  eoneluBions  at  which 
mt  this  is  only  apparent ;  for  in  one  ease  a  follicle  had 

„■  rupture  was  on  the  eve  of  taking  place  ;  in  eighteen 

iired,  and  hiemorrhage  had  taken  place  into  the  decidu* 
t  in  this  fonn,  Eeichert'a  cases  are  not  opposed  to  tJi© 
'd  at  in  the  preceding  note :  and  as  his  eases  have  not 

IS  not  possible  to  say  what  their  actual  bearing  may  be. 
■ri^ed  at  by  lieichert,  after  examination  of  the  23  sped- 

Ihat  rupture  of  the  Graafian  follicle  takes  place  at  an 

menstrual  flow. 

Mr.  Mallet's  Paper  on  the  Afcclianisin  of  Strom- 
louERT  M*LLET,  F.R.S.    Received  May  21, 1875. 

irance  of  my  paper  on  Slromboli  some  strictures  hostile 
■in  contained  have  been  publishedt,  in  w  hich  it  is  urged 
:i  of  the  fundus,  or  bottom  of  the  visible  cnit«r,  which 
at  ma  to  400  feet  above  the  sea,  is  greatly  below  the 
if  iBaifimicd.at  least  L'OftO  feet  above  the  sea-level.   Jt  is 
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V.  "  Electrodynamic  Qualities  of  Metals.  (Continued  from  Phil. 
Trans,  for  February  28,  1856.)— Part  VI.  Effects  of  Stress 
on  Magnetization.^'  By  Prof.  Sir  W.  Thomson^  LL.D.^ 
F.R.S.     Received  May  27,  1875. 

(Abstract.) 

Weber's  method,  by  aid  of  electromagnetic  induction  and  a  ''  ballistic 
galvanometer"  to  measure  it,  which  has  been  practised  with  so  much 
success  by  Thal^n,  Roland,  and  others,  has  been  used  in  the  investigation 
of  which  the  results  are  at  present  communicated ;  but  partial  trials  have 
been  made  by  the  direct  magnetometric  method  (deflections  of  a  needle), 
and  this  method  is  kept  in  view  for  testing  slow  changes  of  magnetiza- 
tion which  the  electromagnetic  method  fails  to  detect. 

The  metals  experimented  on  have  been  steel  pianoforte-wire,  of  the 
kind  used  for  deep-sea  soundings  by  the  American  Navy  and  British 
cable-ships ;  and  soft-iron  wires  of  about  the  same  gauge,  but  of  several 
different  qualities. 

I.  Steel. 

The  steel  wire  weighs  about  14;|  lbs.  per  nautical  mile  and  bears 
230  lbs.  Weights  of  from  28  lbs.  to  112  lbs.  were  hung  on  it  and  taken 
off,  and  results  described  shortly  as  follows  were  found : — 

(1)  The  magnetization  is  diminished  by  hanging  on  weights,  and 
increased  by  taking  the  weights  off,  when  the  magnetizing  current  is  kept 
flowing. 

(2)  The  residual  magnetism  remaining  after  the  current  is  stopped  is 
also  diminished  by  hanging  on  the  weights,  and  increased  by  taking 
them  off. 

(3)  The  absolute  amount  of  the  difference  of  magnetization  produced 
by  putting  on  and  taking  off  weights  is  greater  with  the  mere  residual  mag- 
netism when  the  current  is  stopped  than  with  the  whole  magnetism  when 
the  magnetizing  current  is  kept  flowing. 

(4)  The  change  of  magnetization  produced  by  making  the  magnetizing 
current  always  in  one  direction  and  stopping  it  is  greater  with  the  weights 
on  than  off. 

(5)  After  the  magnetizing  current  has  been  made  in  either  direction 
and  stopped,  the  effect  of  making  it  in  the  reverse  direction  is  less  with 
the  weights  on  than  off. 

(6)  The  difference  announced  in  (5)  is  a  much  greater  difference  than 
that  in  the  opposite  direction  between  the  effects  of  stopping  the  current 
with  weights  on  and  weights  off,  announced  in  (4). 

(7)  When  the  current  is  suddenly  reversed,  the  magnetic  effect  is  less 
with  the  weights  on  than  with  the  weights  off. 


Ekclion  of  Fellows.                         [June  3, 

n.  Snft-L-on  Wires. 

fc  the  Barae  gunge  as  the  Bteel  were  used,  but,  except  one 

ily  about  2S  lbs.  instead  of  230.     AJl  of  three  or  four 

it  \»itb  the  stw!  in  (1). 

I  behaved  (except  a  seeming  anomaly,  hitherto  unei- 

verae  manner  to  steel  in  reapect  to  (2),  (4),  (3),  and  (6)  ; 

IP  steel  in  respect  to  (7).     Another  iron  wire*,  which, 

lift,"  was  much  leas  soft  than  the  first,  agreed  with  steel 

)  and  (2),  but  [differing  from  stwl  in  respect  to  (3)] 

ffects  oE  weights  on  and  off  when  the  magnetiang  current 

L  when  it  was  stopped. 

[!  wires  which  were  very  soft.,  softer  even  than  the  first, 

the  steel  and  iron  wires  in  respect  to  (1),  but  gave 
sted   for  (2)  which   proved   an   esceedingly   fmnaient 

residual  magnetism,  and  were  othenviso  seemingly  ano- 

lion  is  being  continued  with  special  arrangements  to  find 
(if  these  apparent  nnomalies,  and  with  Ihe  fiulher  objbct 
n  absolute  measure  tjie  amounts  of  all  the  proved  efi'octB 
)eraturesuptolCIO''Cent. 

Ihen   adjourned   over  Ihe    Elet-t ion-day.   to  Thursday, 
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William  Areher,  M.R.I.A. 
James  Biedon  Bennett,  M.D. 
Dietrich  Brandifl,  Ph.D.,  F.L.S. 
Jamea  Caird,  C.B. 
Prof.  John  Casey,  LL.D. 
AuguBt  Duprd,  Ph.D.,  F.C.8. 
James  Geikie,  F.B.S.E. 
James  Whitbread    Lee    Gloisher, 
M.A. 


John  Baboneau  Kickterlien  Hen- 

nessey,  P.B.A.8. 
Emonnel  Klein,  M.D. 
E.  Bay  Lankeater,  M.A. 
George  Strong  Nares,  Capt,  E.Tf . 
Robert  Stirling  NewaU,  FJIJ.A 
William  Chandler  Roberta,  F.C.8. 
Major-General  Henry  T.  D.  Scott, 

R.E.,  C.B. 


Thanka  were  given  to  the  Scrutators. 


JOSEPH  DALTON  HOOKER,  C.B.,  Preaident,  in  the  Chair. 

The  PresentB  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Dr.  Jamea  Risdon  Bennett,  Mr.  James  Caird,  Mr.  Jamea  Whitbread 
Lee  Glaiaher,  Mr.  J,  Baboneau  Nickterlien  Henneseey,  Mr.  William 
Chandler  Boberts,  and  Major-General  Henry  Young  Darracote  Scott 
were  admitted  into  the  Society. 

The  foUowing  Fapera  were  read : — 

I.  "A  Memoir  on  Prepotcntials."      By  Prof.  Cayley,  F.B.S, 
Received  April  8,  1875. 

(Abstract.) 
The  preaent  memoir  relates  to  multiple  integrals  espresaed  in  terms  of 
the  C«+l)  ultimately  disappearing  variables  (j;..:,w),  and  the  same 
number  of  parameters  («..<", «),  and  being  of  the  form 


J{(.-«)-..+(.-..-)'+(.-,.)';i"' 

where  p  and  dv  depend  only  on  the  variables  (.c . .  z,  w).  Such  an  inte- 
gral, in  regard  to  the  index  \»\q,\9,  said  to  be  "prepotential,"  and  in  the 
particular  ease  5=  —  j  to  be  "  potential." 

I  uae  throughout  the  langiiago  of  hyper-tridimensional  geometry : 
(.K . .  s,  v<)  and  (« . .  c,  t)  are  regarded  as  coordinates  of  points  in  (s+ 1)- 
dimenaional  space,  the  former  of  them  "determining  the  position  of  nn 
element  prfw  of  attracting  matter,  the  latter  being  the  attracted  point ; 
viz.  we  have  a  maaa  of  matter=yp(fo  distributed  in  such  manner  that 
dvi  being  the  element  of  («-|-l)- or  lower-dimensional  volume  at  the 

VOL.  xxiu.  'i^ 
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1,  the  correepondtng  density  is  p,  a  given  function  ot 
'.  that  the  element  o£  maaa  pdie  exerta  on  the  attracted 
!i  force  proportional  to  the  (*+2'/4-l)th  power  of  the 
f . .  +(c-zy+{c—Kf\i.     The  integration  ia  extended 
the  whole  nttracting  masayjKfw  ;  and  the  intfgnil  ia  then 
lit  the  prepotential  of  the  mass  in  rfgard  to  the  poinb 
lieparticularcaso5=2,  2=-|,  the  force  is  aa  the  inverse 
istance,  and  the  integral  represents  the  potential  in  the 
,f  the  word. 

of  volume  './or  is  usually  either   the  element  of   solid 
1  )-diraenBionftl)  vohune  <lv  . . .  tJzdiv,  or  else  the  element 
dimenaional)  volume  rfS.     In  particular,  when  the  surface 
iicua)  is  the  (n-diKienaional)  plane  w=0,  the  superficial 
'U' . . .  <h.     The  casea  of  a  less-than-s-dimensional  volume 
uf.  mL'moir  considered  only  iueidentnlly.     It  ia  acareely 
aark  that  the  notion  of  density  is  dependent  on  the  dimen- 
t-lement  of  vojiiraecior:  in  passing  from  a  spatial  dis- 
. .  d:</w,  to  a  atiperficial  distribution,  p  (IS,  we  alter  the 
,,.     In  fact  if,  in  order  to  connect  the  two,  we  imagine 
■ibution  as  made  over  an  indefinitely  thin  layer  or  atratum 
■  surface,  so  that  at  any  element  (?.S  of  the  surface  the 
-s  is 'fi',  where  i/v  is  a  function  of  the  coordinates  (a-.  .;,"■) 
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stated,  assumed  that  the  attracted  point  does  not  lie  on  the  material  sur- 
face ;  to  make  it  do  so  is,  in  fact,  a  particular  supposition.  As  to  solid 
integrals,  the  cases  where  the  attracted  point  is  not,  and  is,  in  the  material 
space  may  be  regarded  as  cases  of  coordinate  generality;  or  we  may 
regard  the  latter  one  as  the  general  case,  deducing  the  former  one  from 
it  by  supposing  the  density  at  the  attracted  point  to  become  =sO. 

The  present  memoir  has  chiefly  reference  to  three  principal  cases, 
which  I  call  A,  C,  D,  and  a  special  case,  B,  included  both  under  A  and 
C :  viz.  these  are : — 

A.  The  prepotential-plane  case ;  q  general,  but  the  surface  is  here  the 

plane  ufsO,  so  that  the  integral  is 

^  pcLc.  ,,dz 

J{(a-a;y...+(c-;r)H«*}*'+'' 

B.  The  potential-plane  case ;  <2r=s  —  ^,  and  the  surface  the  plane  wssO, 

so  that  the  integral  is 


I. 


p  dx , , ,  dz 


C.  The  potential-surface  case;  ^=  —  J,  the  surface  arbitrary,  so  that 
the  integral  is 


Si 


dS 


1).  The  potential-solid  case ;  5'  =  —  |,  and  the  integral  is 

P  pdx  ,.,dzdw 

J{(a-a7y...  -|-(c-5)^4-(e-M;/}*-*' 

It  is,  in  fact,  only  the  prepotential-plane  case  which  is  connected  with 
the  partial  differential  equation 


{^■■-&-^^^iy">- 


considered  in  Green's  memoir  *  On  the  Attractions  of  Ellipsoids '  (1835), 
and  called  here  the  prepotential  equation.  For  this  equation  is  satis- 
fied by  the  function 

1 


{a^..-^c2+e2}*•+«' 


and  therefore  also  by 


.{(a-;r)»...+(c-z)He»}*'+«' 


^1R^ 
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four  dUtribution-theoreins  is  the  principal  object  of  the  present  memoir; 
but  the  momcnr  contauu  other  investigations  which  have  presented  them- 
selves to  me  in  treating  the  question.  It  is  to  be  noticed  that  the  theorem 
A  belongs  to  Qreen,  being  in  fact  the  f  imdamentol  theorem  of  his  memoir 
of  1835,  already  referred  to.  Theorem  C,  in  the  particular  case  of  tridi- 
mensional space,  belongs  also  to  him,  being  giveu  in  his  '  Essay  on  the 
ApplicataoQ  of  Mathematical  Analysis  to  the  theories  of  Electricity  and 
M&gnetiam '  (Xottingham,  1S28),  being  partially  rediscovered  by  Gauss 
in  the  year  1640;  and  theorem  D,  in  the  same  case  of  tridimensional 
space,  to  Lejeune-Sirichkt :  see  his  memoir  "  8ur  un  moyeu  geu^ral  do 
verifier  reipreesion  du  potential  relatif  k  une  masse  quelcouque  homog^ne 
ou  hdterogtoe,"  Crelle,  t.  ixxii.  pp.  80-84  (1846),  I  refer  more  particularly 
to  these  and  other  researches  by  Gauss,  Jacobi,  and  others  in  the  course 
of  the  present  mem<ur.  • 


"On  the  Fossil  Mammals  of  Australia.— Part  X,  Family 
Mackofodid^  :  Mandibular  Dentition  and  Farts  of  the  Ske- 
leton of  Palorchestea,  witli  additional  evidences  of  Sthemma, 
Macropus  Titan,  and  Procoptodon."  By  Professor  Owbn,  C.B., 
F.B..S.     Beceived  May  10,  1875. 

(Abstract.) 

In  this  "  Part  "  the  author  gives  additional  evidences  of  extiact  genera 
and  species  of  Kangaroos  defined  in  the  two  preceding  Parts  (VIIL  and 
IX.).  To  the  Palorchata  Azael  he  adds  characters  of  tho  mandible  and 
mandibular  teeth,  and  gives  a  restoration  of  tho  entire  skull;  the  pelvis, 
femur,  tibia,  calcaneum,  aud  principal  bones  of  the  hind  foot  of  this 
gigantic  species  are  described  and  figured. 

Of  Maeropvi  Titan  the  author  restores  the  entire  skull  and  femur. 
Of  Sthtnvnu  Atla*  he  describes  and  figures  the  incisor  teeth,  the  deci- 
duous dentition,  and  the  fore  part  of  the  akuU.  of  a  young  individual ;  of 
the  larger  species  of  this  genus,  Sthenums  Srekits,  the  entire  skull  and 
dentition  are  restored.  The  "  Part "  concludes  with  tho  restoration  of  cer- 
tain bones  of  the  hind  foot  in  a  Kangaroo  slightly  exceeding  the  latest 
Maeroput  major  in  sixe  (indicated  as  a  Macropiit  afflids),  ia  the  PhaaeolaguM 
altug,  in  Paiorckata  Axatl,  and  in  the  three  species  of  Procoptodon 
(Pujio,  Sapha,  and  Qoliah).  The  paper  concludes  with  remarks  on  the 
tranaitionary  character  of  the  latter  formi,  as  bridging  the  gap  between 
the  saltigrade  and  gravigrade  groups  of  phytiphagous  Marsupialia. 

The  paper  is  illustrat«d  by  subjects  for  thirteen  plates. 


Prof.  AV.  C,  Williamson  on  the              [June  10, 

Organization  of  the  Fossil  Plants  of  the  Coal-mea- 
';irt  "S'^II.   Myehpleris,  Psaronius,  and  Kalo-vijlon." 
.  Williamson-,  Professor  of  Natural  History  in  tlie 
jllege,  Manchester.     Eeceived  June  3,  1875. 

(Abstract.) 
rolithen '  Cotta  first  figured  somo  supposed  sterna  under 
■j'-hlhsa,  to  one  of  which  he  gave  the  name  of  M«didloia 
I  subsequently  figured  a  portion  of  the  same  plant,  in  his 
welt,'  under  the  name  of  I'almofiUs  carboniijerus,  in  the 
1^  the  stem  of  an  arborescent  palm.     M.  Brongniart  next 
nt  the  name  oE  Myelo-vylon,  and  at  the  same  time  ex- 
iloubta  respecting  its  monocotyledonous  character.   Goep- 
plaut   the  generic  uamo  o£  SU»fjdia.      In   1872  Mr. 
L-d  his  behef  that  the  plant  was  "  the  rachis  of  a  fern,  or 
.1  to  one."     At  the  Meeting  of  the  Briliah  Association  at 
ieptember    1S73,  the   author   described   this  piaxit,  and 
i  reasona  for  believing  it  to  be  not  only  a  fern,  but  to 
iiteresting  family  of  the  Jlarattiacea. ;  and  in  the  subse- 
IVoEessor  Eenault  read  a  descripliou  of  the  plant  to  the 
ieacos  at  Paris,  when,  on  indc]iendent  e^-idence.  he  arrived 
elusion,  viz.  that  it  was  one  of  the  Marattiaeeie.    Sliglitly 
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a  canal,  of  varied  Biiea  and  shapes,  which  appears  to  have  been  ori- 
ginally a  gum-canal,  subsequently  enlarged  irregularly  by  the  shrinting 
of  the  oeighbouring  tisBoes.  In  the  larger  and  more  matured  petioles 
these  vascular  bundles  are  very  conspicuous,  both  in  transverse  and  longi- 
tudinal sections ;  but  in  the  small,  young,  and  terminal  subdivisions  of 
the  rachides  the  vessels  are  so  small  as  to  be  almost  undistinguishable  from 
the  surrounding  parenchyma,  while  the  gum-canals  of  such  examples 
are,  on  the  other  hand,  conspicuously  large.  Transverse  sections  of 
the  most  perfect  examples  of  these  young  rachides  exhibit,  on  their 
upper  surface,  a  rounded  central  ridge,  flanked  on  either  side  by  a  longi- 
tudinal groove,  which  arrangements  aro  so  conspicuous  in  the  corre- 
sponding portions  of  the  petioles  of  the  Marattiaces  and  of  other  ferns. 
The  ultimate  leaflet-petioles  were  given  off  at  right  angles  to  the  oentrsl 
rachis  from  which  they  sprang,  corresponding  in  this  respect  with  one 
of  the  types  described  by  M.  Benault.  The  author  has  not  yet  found  in 
Lancashire  any  of  the  lai^e  specimens  that  have  bees  met  with  on  the 
continent  at  Autun  and  in  the  localities  whence  M.  Cotta  obtained  his 
examples.  He  has  found  a  few  and  yet  smaller  fragments  among  the 
sections  from  Burntisland.  The  recognition  of  the  Marattiaceous  cha- 
racter of  these  plants  excludes  the  PahnacKt  for  the  present  from  all 
claim  to  share  in  the  glories  of  the  carboniferous  vegetation. 

The  second  plant  described  by  the  author  consists  of  clusters  of 
roots  with  a  portion  of  the  outermost  parenchymatous  layer  of  the  stem 
of  a  tree  fern,  corresponding  to  those  of  the  Piaronitea  long  known 
to  characterize  the  upper  carboniferous  deposito  of  Autun  and  other 
localities.  The  roots  of  the  Oldham  specimen,  to  which  the  anther  has 
assigned  the  name  of  Piaronita  Etnaultii,  consist  of  a  well-defined 
cylinder  of  sclerenchymatous  prosenchyma,  within  which  has  been  a 
mass  of  more  delicate  parenchyma,  in  the  centre  of  which  was  the  usual 
vascular  bundle.  But  what  characterizes  the  specimens,  distinguishing 
them  from  the  numerous  species  described  by  Corda,  is  the  existence  <^ 
vast  numbers  of  cylindrical  hurs,  each  composed  of  a  linear  row  of  elon- 
gated cylindrical  cells :  these  have  obviously  been  the  absorbent  root- 
hairs  of  the  living  plant,  which  may  possibly  have  been  some  species  of 
StemmatopUrit ;  but  of  this  there  is  as  yet  no  evidence. 

The  author  then  describes  a  small  but  very  remarkable  stem,  to  which 
he  assigns  the  name  of  KalaeyUni  Ifookeri.  This  is  a  slender  stom,  rarely 
more  than  from  one  seventh  to  one  tenth  of  an  inch  in  diameter.  In  its 
young  state  it  consists  of  a  central  vascular  axis  which  has  an  hexagonal 
section,  and  which  is  composed  of  numerous  vessels  of  various  siEes,  each 
of  which  exhibits  the  reticulate  form  of  the  scalariform  or  barred  type, 
and  which  is  so  common  amongst  the  plants  of  the  Coal-measures.  No 
true  barred  or  spiral  vessels  have  yet  been  seen  in  the  Kalaxylon.  In  the 
young  twigs  this  vascular  axis  is  surrounded  by  a  mass  of  large-celled 
cortical  parsnchyms,  which,  in  turn,  is  encased  by  an  e^idenuaL  ttxoi^ 
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f  a  double  row  of  what  have  evidently  been  colourlesa     ■ 
are  elongaU;d  vertically,  but  with  square  ends, 
uatuivd  stems,  the  ccutral  vascular  axis  of  the  young 
Lhe  centre    uhentre   radiate  sis  exogenoiislj   developed 
lar  tissue,  each  of  which  enlarges  as  it  proceeds  out- 
nates  at  its  outer  eitremity  in  a.  slightly  rounded  con- 
dge  consists  of  a  series  of  radiating  vascular  laminn, 
Qierous  uifdullary  rays,  which  latter  cousbt  of  long  and, 
rt,  single  vertical  rows  of  mural  cells.     These  six  exo- 
re  separated  from  each  other  by  a  h»rge  wedge  of  cellular 
'ina,  the  cells  of  which  arc  elongated  radiaUy  and  have  B 

arrangement.     As  those  between  any  two  contiguous 
Ljutwarda,  they  separate  more  or  less  definitely  into  two 
■rge  right  and  left  lo  sweep  round  the  peripheral  eitremity 
!xogeuou3  wedge,  meeting  aud  blending  «ith  a  similar  set 

opposite  side  of  the  wedge.     In  doing  this  they  form  a 
closing  a  semiluimr  mass  of   smaUer   cells   interposed 
)  and  the  outer  end  of  the  exogenous  wedge.    The  author 
lat  th'd  enclosed  cellular  tissue  is  esseutially  a  cambial 
liich  all  the  new  vessels  and  peripheral  extensions  of 
■ays    wiTC   de^eloiK'il.      Young  vessels   are  seen  at  its 

jiroccss  ijf  formation,     lixt.rnal  tu  these  t\i-o  s[)fciaiized 
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that  its  occurrence  is  not  merely  a  question  of  the  siase  of  the  plant,  as 
some  have  supposed,  but  that  it  has  a  deeper  meaning,  and  corresponds 
more  closely  than  has  been  supposed  with  the  exogenous  developments 
seen  equally  in  large  and  small  examples  of  living  plants. 


IV.  "Experiments  on  Stratification  inElectricalDischarges  through 
Rarefied  Gases.''  By  William  Sfottiswoodb,  M.A.,  Treas. 
R.S.     Received  May  27,  1875. 

In  the  stratified  discharges  through  rarefied  gases  produced  by  an 
induction-coil  working  with  an  ordinary  contact-breaker,  the  striae  are 
often  unsteady  in  position  and  apparently  irregular  in  their  distribution. 
Observations  made  with  a  revolving  mirror,  which  I  hope  to  describe  on 
another  occasion,  have  led  me  to  conclude  that  an  irregular  distribution 
of  striae  does  not  properly  appertain  to  stratification,  but  that  its  appear- 
ance is  due  to  certain  peculiarities  in  the  current  largely  dependent  upon 
instrumental  causes. 

The  beautiful  and  steady  effects  obtained  by  Mr.  Gbssiot  with  his 
Leclanchd  battery,  and  also  more  recently  by  Mr.  De  La  Rue  with  his 
chloride-of-silver  battery,  have  abundantly  shown  the  possibility  of  stra- 
tification free  from  the  defects  above  mentioned ;  but  it  must  be  admitted 
that  the  means  employed  by  those  gentlemen  are  almost  gigantic.  The 
present  experiments  were  undertaken  with  the  view  of  ascertaining,  first, 
how  far  it  was  possible  to  approach  towards  similar  results  with  instru- 
ments already  at  my  command  ;  and  secondly,  whether  these  would  afford 
other  modes  of  attack,  beside  the  battery,  on  the  great  problem  of  strati- 
fied discharges. 

The  induction-coil  used  was  an  "  18-inch "  by  Apps,  worked  occa- 
sionally by  6  large  chloride-of-silver  cells,  kindly  lent  to  me  by  Mr. 
De  La  Rue,  but  more  usually  by  10  or  by  20  Leclanch^  cells  of  the 
smallest  size  ordinarily  made  by  the  Silvertown  Company.  I  have 
also,  in  connexion  with  the  same  coil,  120  of  the  latter  cells,  connected 
in  twenties  for  quantity,  and  forming  6  cells  of  20  times  the  surface 
of  the  former :  these  work  the  coil  with  the  ordinary  contact-breaker 
very  well,  giving  11-inch  sparks  whenever  required.  A  "switch" 
affords  the  means  of  throwing  any  of  the  three  batteries  in  circuit  at 
pleasure. 

Having  reason  to  think  that  the  defects  in  question  were  mainly  due 
to  irregularity  in  the  ordinary  contact-breaker,  I  constructed  one  with  a 
steel  rod  as  vibrator  (figs.  1  &2,  p.  456),  having  a  small  independent  electro- 
magnet for  maintaining  its  action.  The  natural  Adbrations  of  the  rods  which 
M^ere  tried  varied  from  320  to  768  per  second ;  while  under  the  action  of 
the  battery-current  and  electromagnet  they  varied  from  700*  to  2500,  or 
thereabouts,  per  second.  The  amplitudes  of  the  vibrations  were  exceed- 
ingly small,  in  fact  not  exceeding  *01  of  an  inch;  and  it  is  to  thi&  li^^^ 
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coupled  with  the  extreme  rapidity  and  consequent  dedsion  of  make  and 
break,  that  I  mainly  attribute  the  steadiness  of  the  results. 

The  rod  bore  a  plate  of  platinum,  hammered  hard,  on  its  upperside ; 
and  when  contact  was  made  this  plate  met  a  thin  platinum  pin  connected 
with  the  circuit.  In  order  to  avoid,  as  &r  as  possible,  any  uncertainty  in 
contact,  the  diameter  of  this  pin  was  small ;  and  one  difficulty  to  be 
obviated  was  the  heating  and  even  fusion  of  the  platinum  when  the 
circuit  was  completed.  This  was  met  by  using  the  small-sized  cells  men- 
tioned above,  and  employing  a  fine  copper  wire  (No.  26)  round  the 
electromagnet.  The  very  slight  "strength  of  current,"  or  minute 
''  quantity,"  required  for  the  illumination  of  vacuum-tubes  made  it  pos* 
sible  so  to  reduce  the  surface  of  the  battery-cells  and  the  diameter  of 
wire  as  to  render  the  overheating  in  a  great  measure  avoidable.  This 
reduction  of  dimensions,  however,  is  limited,  first,  by  the  amount  of  mag- 
netism required  to  keep  up  the  vibrations,  and,  secondly,  by  the  diameter 
of  the  tubes  used  for  the  experiments ;  for  it  is  obvious  that,  since  wire 
and  tube  both  form  parts  of  the  same  circuit,  in  order  to  produce  an 
equal  illumination  (other  things  being  the  same),  we  must  for  a  tube  of 
large  diameter  use  a  thicker  wire  than  would  be  necessary  for  one  of 
small  diameter. 

With  a  contact-breaker  of  this  kind  in  good  action,  several  phenomena 
were  noticeable;  but  first  and  foremost  was  the  fact  that,  in  a  large 
number  of  tubes  (especially  hydrocarbons),  the  strisB,  instead  of  being 
sharp  and  flaky  in  form,  irregular  in  distribution,  and  fluttering  in  position, 
were  soft  and  rounded  in  outline,  equidistant  in  their  intervals,  and  steady 
in  proportion*  to  the  regularity  of  the  contact-breaket.  These  results  are, 
I  think,  attributable  more  to  the  regularity  than  to  the  rapidity  of  the 
vibrations.  And  this  view  is  supported  by  the  fact  that,  although  the 
contact-breaker  may  change  its  note  (as  occasionally  happens),  and  in  so 
doing  may  cause  a  temporary  disturbance  in  the  stratification,  yet  the 
new  note  may  produce  as  steady  a  set  of  stria)  as  the  first :  and  not  only 
so,  but  frequently  there  is  heard,  simultaneously  with  a  pure  note  from 
the  vibrator,  a  strident  sound,  indicating  that  contacts  of  two  separate 
periods  are  being  made ;  and  yet,  when  the  strident  sound  is  regular,  the 
strio)  are  steady.  On  the  other  hand,  to  any  sudden  alteration  in  the 
action  of  the  break  (generally  implied  by  an  alteration  in  the  sound)  there 
always  corresponds  an  alteration  in  the  strisB. 

It  is  difficult  to  describe  the  extreme  delicacy  in  action  of  this  kind  of 
contact-breaker,  or  '*  high  break,"  as  it  may  be  called.  The  turning 
through  2°  or  3°  of  a  screw,  whose  complete  revolution  raises  or  lowers 
the  platinum  pin  through  '025  of  an  inch,  is  sufficient  to  produce  or  to 
annihilate  the  entire  phenomenon.  A  similar  turn  in  a  screw  forming 
one  foot  of  the  pedestal  of  the  break  is  enough  to  adjust  or  regulate  the 
^riae ;  and  a  slight  pressure  of  the  finger  on  the  centre  of  the  mahogany 
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rigid,  or  even  on  the  table  on  which  the  coniactr-breaker 
,  eoutml  their  movements. 

.  described  above  are  usually  (although  not  always)  those 
kiug  contact :  but  it  often  bappena,  aud  ttuit  moat  fre- 
;  strident  noise  is  heard,  that  the  current  produced  by 
3  strong  enough  to  cauae  a  visible  discharge.     This  hap- 
liuary  as  with  the  high  break;  but  in  the  latter  case  the 
reseats  the  very  remarkable  peculiarity  that  the  striffi  o£ 
so  arranged  as  to  fit  exactly  into  the  intervals  of  the 
tier,  that  any  disturbance  affecting  the  column  o£  striie 
it  affects  similarly,  with  reference  to  absolute  space,  that 

so  that  the  double  column  moves,  if  at  all,  as  a  solid  or 
id  this  fact  is  the  more  remarkable  if  we  consider,  as  is 

a  revolving  mirror,  that  these  currents  are  alternate,  not 
but  also  in  time,  and  that  no  one  of  them  is  produced  until 
.■  extinction  of  its  predecessor.     And  it  is  also  worthy 
association  of  striie  is  not  destroyed  even  when  the  two 
rated  more  or  less  towards  opposite  sides  of  the  tube  by 

magnetic  pole.     There  seems,  however,  to  be  a  tendency 
ho  striio  of  one  current  to  advance  upon  the  positions 
=a  of  the  reverse  current,  giving  the  whole  column  a 
ce.     But  us  there  is  no  trace,  so  far  iva  my  observations 
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aasistaDt,  Mr.  P.  Word,  to  whose  intelligeace  and  akill  I  am  much  indebted 
throughout  this  investigatioD,  intended  for  fine  adjustment.  Wherever  the 
resistance  be  introduced  the  following  law  appears  to  be  established  by  a 
great  number  and  variety  of  experiments,  vii.  that,  the  strio  being  previously 
stationary,  an  increase  of  resistance  produces  a  forward  flow,  a  decrease 
of  resistance  a  backward  flow.  I  have  generally  found  that  a  variatioii 
of  3  or  4  ohms,  or,  under  favourable  conditions,  of  1  or  2  ohms,  in  iJie 
primaiy  current  is  sufBcient  to  produce  this  effect.  But  as  an  altera- 
tion in  the  current  not  only  affects  the  discharge  directly,  but  also 
reacts  upon  the  break,  tho  effect  is  liable  to  be  masked  by  these  indirect 
causes.  The  latt«r,  so  far  as  they  are  dependent  upon  a  sudden  altera- 
tion of  the  resbtance,  may  be  diminished  by  the  use  of  the  rheostat ;  but 
when  the  stria)  are  aufiiciently  Bensitive  to  admit  the  use  of  this  delicate 
adjustment,  some  precautions  ore  necessary  to  insure  perfect  uniformity 
of  current,  so  as  to  avoid  disturbances  due  to  uneven  contact  in  th^ 
rheostat  itself. 

When  the  stride  are  flowing  they  preserve  their  mutual  distances,  and 
do  not  undergo  increase  or  decrease  in  their  numbers.  Usually  one  or 
two  remain  permanently  attached  to  tbe  positive  electrode ;  and  as  the 
moving  column  advances  or  recedes,  the  foremost  stiia  diminishes  in 
hrilliancy  until,  aft«r  travelling  over  a  distance  less  than  the  iatervals 
between  the  two  strite,  it  is  lost  in  darkness.  The  reverse  takes  place  at 
tbe  rear  of  the  column.  As  the  last  stiia  leaves  its  position,  a  new  one, 
at  first  faint  and  shadowy,  makes  its  appearance  behind,  at  a  distance 
equal  to  the  common  interval  of  all  the  others  :  this  new  one  increases 
in  brilliancy  until,  when  it  has  reached  the  position  originally  occupied 
by  the  last  stria  when  the  column  was  at  rest,  it  becomes  as  bright  as  the 
others.  The  flow  may  vary  very  much  in  velocity  ;  it  may  be  so  slow  that 
the  appearances  and  disappearances  of  the  terminal  atris  may  bo  watched 
in  all  their  phases,  or  it  may  be  so  rapid  that  the  separate  atriffl  ore  no 
longer  distinguishable,  and  the  tube  appeora  as  if  illuminated  with  a  con- 
tinuous discharge.  In  moat  casea  the  true  character  of  tbe  discharge 
and  the  direction  of  tbe  flow  may  be  readily  distinguished  by  the  aid  of 
a  revolving  mirror.  In  some  tubes,  especially  in  those  whoae  length  is 
great  compared  with  their  diameter,  the  whole  column  does  not  present 
the  same  pbase  of  flow ;  one  portion  may  be  at  rest  while  another  is 
flowing,  or  even  two  conterminoua  portions  may  flowin  opposite  directions. 
This  is  seen  also  in  very  wide  tubes,  in  which  the  striea  appear  generally 
more  mobile  tban  in  narrow  ones.  But  in  oil  cases  thcao  nodes  or 
junction-points  of  the  flow  retain  thetr  positions  under  similar  conditions 
of  pressure  and  current ;  and  it  therefore  seems  that,  under  similar  con- 
ditions, tbe  column  in  a  given  tube  always  breaks  up  into  similar  flow- 
segmenta. 

These  nodes  will  often  disappear  under  tbe  action  of  a  magnetic  pole. 
Thus  if  tbe  first  segment,  measured  from  the  positive  terminal,  be  sta- 
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■cooDd  be  flowing  backwards  (i,  tJrom  —  to  +).  ama^ 
table  Btrength,  placed  nt  the  distant  end  of  the  lattor, 
,  and  the  whole  column  will  become  Btatiooary  through- 
'(>  in  the  strength  o£  the  magnet,  or  a  nearer  approach 

will  produce  a  general  forward  flow  of  the  column. 
la  o£  the  flow,  as  well  as  others  of  not  less  interest,  nre 
:  produced  with  the  Holtz  machino.     It  is  well  known 
ifbarges,  simiJar  to  those  produced  by  an  induction-coil 
1  ordinary  hreali,  may  bo  produced  by  such  a  machino, 

bo  furnished  with  the  usual  Leydcn  jars,  and  a  high 
ly  a  piece  of  wetted  string)  bo  interposed  in  the  circuit. 

irher  of  these  conditions  was  supposed  to  destroy  the 
ler  the  discharge  coutiniioua.     Experiments  which  I  hava 
ut  do  not  describe  on  the  present  occasion,  tend  in  part^ 

to  confirm  this  yiew.     They  show  that  for  the  produc- 
li  quantity  and  resistance  are  necessary,  that  the  di»- 
:;upy  a  certain  short,  perhaps,  but  finito  time,  or,  as 

expressed,  that  a  continuous  current  ia  an  eeaential 

lat  every  tube  must  offer  some  resistance,  and  also  that 
'  height  of  the  vertical  condensers  of  the  machine  (or 
rk  interposed  in  the  circuil)  we  had  the  means  of  nltiT- 
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tion,  the  ef^ts  with  the  Holtz  machine  were  yerj  strikiiig :  the  struB, 
with  steady  rerolution  of  the  machine,  became  fixed  in  position  and  well 
defined.  This  tube,  some  carbonic-acid-gas  tubes,  and  one  or  two  others, 
generally  containing  acid  residua,  form  a  class  in  which  the  action  of  the 
machine  more  nearly  approaches  that  of  Mr.  G^assiot's  battery  than  in  any 
others.  The  strisd  thus  formed  were  not  easily  brought  into  a  state  of 
fiow  ;  but  an  increase  in  the  rapidity  of  the  machine,  or  a  diminution  of 
resistance,  increased  the  number  of  the  strud.  As  the  rapidity  was  aug- 
mented, the  stnBD  might  be  seen  pouring  themselves  out,  as  it  were,  from 
the  positive  pole ;  the  length  of  the  column  was  slightly  increased,  but  by 
no  means  in  proportion  to  the  number  of  striso. 

One  modification  of  this  effect,  although  almost  fantastic  in  its  appear- 
ance, seems  to  deserve  a  special  notice.  It  is  well  known  that  if  a  suf- 
ficient interval  of  air  be  thrown  into  the  circuit  all  trace  of  stratification 
disappears,  and  at  the  same  time  the  dark  interval  between  the  positive 
and  negative  parts  and  the  negative  halo  itself  are  obliterated.  If,  how- 
ever, the  interval  of  air  be  very  small,  the  two  kinds  of  discharge  may  be 
seen  coexisting ;  a  narrow  column  of  the  continuous  discharge  extends 
along  the  tube,  and  on  it  the  strisB  appear  to  be  strung.  These  effects 
are  easily  produced  by  slightly  lowering  one  of  the  vertical  conductors  of 
the  machine ;  and  perhaps  the  best  effects  are  shown  if  the  conductor  on 
the  side  connected  with  the  positive  terminal  of  the  tube  is  lowered. 
When  this  is  done  the  stride  occupying  the  portion  nearest  to  that  ter- 
minal become  widely  separated  at  unequal  and  varying  intervals ;  they 
appear  to  oscillate  along  the  tube  with  independent  motions,  as  if  attached 
to  an  elastic  string  which  at  each  instant  is  unequally  stretched  at  its 
various  parts.  The  portion  of  the  column  so  affected  varies  with  the 
length  of  the  interval  of  air ;  and  when,  for  instance,  that  portion  amounts 
to  two  thirds  of  the  entire  length,  the  strisD  in  the  remaining  third  appear 
crowded  together.  As  the  interval  of  air  is  further  increased  more  stride 
become  disturbed,  the  continuous  discharge  becomes  wider  and  more  pro- 
minent, and  ultimately  overpowers  and  obliterates  the  stri®. 

The  resistance-coil  used  for  the  secondary  current  or  the  machine  consists 
of  a  hollow  glass  spiral,  AAA  {^g.  3),  having  a  length  of  about  50  inches 
and  an  internal  diameter  of  ^  of  an  inch.  At  the  head  is  a  small  glass 
bulb  B,  having  an  opening  at  the  top,  which  is  closed  by  a  glass  stopper.  A 
platinum  wire,  N,  connected  with  one  of  the  terminals,  H,  dips  to  the 
bottom  of  the  bulb  B,  which  is  partially  filled  with  sulphuric  acid.  C  is 
a  small  glass  bulb  containing  mercury,  and  is  connected  with  the  lower 
end  of  the  spiral  by  a  flexible  tube,  D.  The  height  of  this  bulb  can  be 
regulated  by  means  of  the  slide  F,  which  moves  on  the  steel  rod  E.  P 
is  a  small  platinum  wire  fused  into  the  interior  of  the  bulb  G-,  and  is  in 
connexion  with  the  other  terminal,  H. 

If  the  bulb  C  be  placed  in  any  position,  the  mercury  will  rise  in  the 
spiral  to  the  same  level  as  that  in  the  bulb.    The  mercury  will  act 
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V.  "  Electrolytic  CoadQction  in  Solids. — First  Example.  Hot 
Glass."  By  Prof.  Sir  Wiixiah  Thomson,  F.R.S.  Receired 
Jane  10,  1875. 

Many  years  ago  I  projected  an  expenment  to  test  the  voltaic  relations 
between  different  metals  with  glass  substituted  for  the  electrolytic  liquid 
ot  an  ordinary  simple  Toltaic  cell,  and  with  so  high  a  temperature  that 
the  glass  would  lure  conductJng-power  sufGdent  to  allow  induction 
through  it  to  rule  the  difEerence  of  potentials  between  the  two  metals. 
Imperfect  instrumental  arrangements,  and  want  of  knowledge  of  the 
temperature  at  which  glass  would  have  sufficient  conductirity  to  give 
satisfactory  results,  have  hitherto  prevented  me  from  carrying  out  the 
pn^msed  investigation.  The  quadrant  electrometer  has  supplied  the  first 
of  these  defidendee,  and  Mr.  Ferry's  recent  experiments*  on  the  con- 
ductivi^  of  glass  at  different  temperatures  the  second.  The  investiga- 
tion has  now  been  resumed ;  and  in  a  preliminary  experiment  I  have 
already  obtained  a  very  dedded  result. 

The  drawing  shows  the  arrangement  adopted.  MN  is  a  brass  case 
immersed  in  an  oil-bath.  A  copper  plate,  C,  of  6  centims.  diameter, 
lies  in  the  case  on  a  block  of  wood ;  it  is  kept  metallically  connected  with 
the  outside  case,  E,  of  the  electrometer.    A  flint-glass  plate,  G-,  which  is 


1 

■ 

found  to  insulate  very  well  at  ordinary  tempemturea,  is  laid  upon  C.  A 
line  plate,  Z,  lies  on  the  glass,  and  is  connected  with  the  insulated  elec- 
trode, I,  of  the  electrometer,  by  means  of  a  wire  attached  to  the  end  of 
a  stout  metallic  stem,  A  Z,  passing  through  the  centre  of  an  open  vertical 
tube  reaching  above  the  level  of  the  oil.  The  glass  was  heated  gradually, 
and  was  usually  kept  between  100°  and  120°  C,  the  temperature  being 
measured  by  a  tbermometer,  B. 

Even  below  50°  C.  there  is  a  dedded  result,  but  shown  less  rapidly 
•  Sse  infri,  p.  468. 
TOL.  ZXUl.  ^  * 
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temperatures.     If  the  glass  is  kept  nt  50°  C.  for  some 
cr  having  been  metailicaily  connected  with  P,  is  left  insu- 
lifcomes  senfibly  charged ;  and  the  charge  increasea  till 
intely    equal    to   that  acquired    when   eIqc  and    copper 
lid  electrolyte  are  metallically  connected  with  I  and  E 
With  the  hot  glass,  as  with  the  liquid  electrolyte,  the 
i  the  Einc  to  the  insulated  electrode  of  the  electrometer  is 
charge  ullimately  reached  when  the  temperature  is  50"  is 
higher  temperatures  ;  but,  as  said  above,  when  the  sine 
ith  the  copper  and  then  insulated,  the  charge  increases 
imate  value  mucb  more  rapidly  at  higher  temperatures 

ares  between  100°  and  120°  C.  there  is  a  sensible  diminu- 
mate  charge  after  the  zinc  has  been  kept  for  a  short  time 
L  the  copper  and  then  insulated.      There  is  also  a  slow 
the  ultimate,  or,  aa  we  may  now  call  it,  the  temporarily 
.hen  the  zinc  plate  is  left  insulated  for  several  hours  in 
I. 
lanfity  of  either  negative  or  poBilivo  electricity  be  given  to 
iietallic  connexion  with  the  zinc),  the  temporarily  static 
1  at  about  the  same  rate  as  the  zero  would  bo  reached  by 
mgh  the  hot  glass  (according  to  Mr.  Perry's  esperimeule, 
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VI.  "  Note  on  Dulong  and  Petit's  Law  of  Cooling."'  By 
Donald  Macfarlane.  Communicated  by  Prof.  Sir  W. 
Thomson,  F.E.S.     Received  June  10, 1875. 

The  'Journal  de  Physique'  for  December  1873  contains  a  friendly 
notice  by  Professor  A.  Comu  of  experiments  made  to  determine  sur- 
face-conductivity for  heat  (or,  as  we  may  call  it,  *'  thermal  emissivity  ") 
in  absolute  measure,  an  account  of  which  was  communicated  to  the  Boyal 
Society,  and  read  January  1872"(see  Proceedings,  vol.  xx.  p.  90).  On  the 
results  there  given  M.  Comu  remarks : — 

"Ces  nombres  verifient  la  conclusion  de  Dulong  et  Petit,  ^  savoir 
que  les  vitesses  de  refroidissement  ne  dependent  de  Tetat  des  surfaces  que 
par  une  constante  de  proportionalite. 

'*  L'acc^ration  negative  du  rapport  des  pouvoirs  emissif  s  n'infirme  pas 
sensiblement  cette  conclusion ;  elle  est  si  faible  qu'elle  pent  etre  attribu^ 
4  une  petite  erreur  r^guliere  dans  revaluation  des  differences  de  tempera- 
ture ;  en  effet,  Tauteur  ne  parait  tenir  aucun  compte  d'une  cause  delicate 
d'erreur  qui  avait  preoccupe  Dulong  et  Petit,  k  savoir  la  resistance  in^gale 
k  la  transmission  de  la  chaleur  dans  les  deux  cas.  11  est  Evident  que,  dans 
le  refroidissement  le  plus  rapide,  la  temperature  est  distribuee  moins 
uniformement  que  dans  le  cas  d'un  refroidissement  lent ;  TaiguiUe  ther- 
moeiectrique  indique  done  moins  bien  la  temperature  moyenne  de  la  masse 
que  les  boules  de  mercure  des  physiciens  frangais." 

On  this  it  is  to  be  remarked  that  a  rigorous  proportionality  in  the  rates 
of  cooling  of  different  surfaces  is  in  itself  not  probable ;  and  my  experi- 
ments in  fact  disprove  it,  so  far  as  it  is  not  at  all  likely  that  the  errors  of 
observation  could  be  so  great  or  so  consistently  regular  in  the  same  direc- 
tion as  the  truth  of  the  supposed  law  would  require. 

As  to  the  variation  of  temperature  from  centre  to  surface  occasioned 
by  the  rapid  cooling  of  the  ball,  this  was  certainly  not  overlooked  in 
planning  the  experiments.  Sir  William  Thomson  considered  the  matter 
carefully,  and  selected  copper,  on  account  of  its  high  conductivity,  esti- 
mating that  in  a  copper  ball  of  the  dimensions  used  (diameter  4  centi- 
metres) the  temperature  must  be  sensibly  uniform  throughout.  A  very 
simple  calculation  (made  in  consequence  of  M.  Comu's  criticism,  and 
appended  below)  from  Fourier's  celebrated  formula  for  the  cooling  of  a 
homogeneous  solid  globe  shows,  in  fact,  that,  in  the  case  of  a  copper  globe 
of  2  centimetres  radius,  the  centre  is  warmer  than  the  surface  by  only 
about  -^Q  of  the  excess  of  its  temperature  above  that  of  the  surrounding 
medium.  There  would  be  a  much  greater  difference  of  temperature 
between  surface  and  centre  in  a  globe  of  mercury  of  the  same  dimensions, 
because  mercury  is  a  much  worse  conductor  of  heat  than  copper,  and 
because  a  much  greater  difference  of  temperatures  than  that  which  there 
is  in  the  copper  would  be  required  to  produce  any  considerable  convection 
of  heat  by  currraits  in  the  liquid.     Moreover  the  g^lsL«&  ^\^^Vy^  ^^^oc- 
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difference  of  temperature  between  the  outer  surface  of 
d  to  the  external  medium  and  the  surface  of  the  mercury. 

thickneBa  of  the  glass,  E  the  "  emiasivity  "  of  its  outer 
he  conductivity  of  its  subatanee  ;  let  the  eiceBS  of  tem- 

id  the  excess  of  temperature  of  the  inner  surface  ot  the 

outer  h> ;  we  have 

isgow  experiments  it  has  been  found  that  E  is  approxi- 
a  gramme-water  thermal  unit  per  square  centimetre  pM 

■nta  in  absolute  measure  by  Peclet  and  Forbes  the  value 
lay  be  roughly  estimated  at  ^.  in  terms  of  centimetre^ 
nme-water  thermal  onit.     Hence                ■           -' 
-t     1 
Zv      \ 

.■kness  of  the  glass  be  half  a  millimetre  (i.e.6=^),  we 

1875.]  Dnlong  aM  Peiifi  Law  of  Cooling.  467 

any  arbitrsry  fundioii  of  a  from  af^O  to  «»a,  for  the  value  of  v, 
when  tfsaO : 

V  temperature  at  time  t  and  distance  a?  from  centre  of 

globe, 
a  the  radius  of  the  globe, 
k  the  thermal  conductivity  of  its  substance, 
e  the  thermal  capacity  per  unit  volume  of  its  substance, 
E  the  thermal  emissivity  of  its  surface. 

Taking  centimetre,  second,  and  gramme-water  thermal  units  for  the 
fundamental  units,  we  have,  as  stated  above, 

E«  j^  (rough  approximation) ; 

and  Angstrom's  experiments  gave  for  cdpper 

Jessl  approximately. 
Therefore 

Ea       a 


k      4000 ' 

and  for  the  globe  of  4  centimetres  diameter  used  in  the  G-lasgow  experi- 
ments, 

Ea     J_ 

k  ■'2000'    . 

Ea 
In  all  cases  in  which  -j-  is  small,  the  smalleist  root  of  the  transcendental 

equation  (2)  is  approximately  equal  to 


V 


3Ea 
k 


Calling  this  tr,,  we  have 


SE 


and 

sine.     1     1^«  x  1 

—  -'sal— gdj  approxmiately, 

lEa^ 
""^■"2  k  a"' 

Now  any  chosen  term  of  (1)  is  a  particular  solution  of  the  problem  ; 
that  is  to  say,  it  is  the  solution  for  the  case  for  which  the  initial  distribu- 
tion of  temperature  is  that  which  it  expresses  when  ^bO.    Hence 


'-(-^?S) 
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L'rnperature  at  time  I,  if  whun  (=0  the  temperature  is 

iuBtanco,  Uio  copper  globe  of   4  centimotrea  diameter, 

"('-»^>''-     ■■■•■■■    (3) 

in  the  Glasgow  experiments  the  difference  of  tempera- 
-urfapo  and  centre  was  just  ^j^  of  the  excess  of  either 
i^raturo  oE  the  surrounding  medium,  when  time  enough 
illow  the  first  term  of  Fourier's  series  to  he  the  predomi- 
fore  that  Hmo  tlio  difference  of  temperatures  must  hare 
i^  of  either,  if  initially  the  temperature  was  uniform 
wntre.     The  Fourier  analysis  of  the  trausition  from  the 
1  uniform  distribution  to  the  stale  represented  by  (3)  U    ■ 
Testing,  but  unnecessary  for  the  settlement  of  the  present 
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hollow  glitss  globe  with  a  long  atem.  C  is  a  brasa  insulator  with  pumice 
and  sulphuric  acid,  to  keep  the  stem  free  from  moisture.  C  is  supported 
on  a  stsjid  resting  on  the  table.  A  wooden  clamp  supports  A  B  at  A. 
B  D  is  covered  with  tinfoil  or  with  wet  linen  cloth.  W  ia  water  inside 
(he  globe. 


rig.  2. 


■  For  alectureilliistrationMr.M'Farlane,  on  March  13th,  1874,  charged, 
a  fliut-glass  jar,  the  globe  of  which  was  13  centims.  in  diameter  and 
about  0'13  centim.  thick.  The  inside  coating  was  put  to  earth  by 
means  of  a  wire  ;  the  outside  was  connected  with  the  electrometer  and 
then  charged.  The  wire  was  then  withdrawn  from  the  inaide,  and  the 
stem  was  sealed  at  E.  On  March  20th  B  D  waa  again  insulated  and 
connected  with  the  elecfrometer ;  the  stem  was  broken  at  E,  and  the 
inaide  put  to  earth  as  before.  The  original  charge  was  2170.  At  the 
end  of  a  week  the  charge  woa  found  to  be  1052.  The  week's  loss  was 
218,  or  10  per  cent. 

The  jar  waa  again  aealed  on  March  20th  with  a  charge  of  1875.  On 
April  7th  the  charge  was  1332;  so  that  the  loss  in  18  days  waa 
543,  or  28  per  cent,  of  the  whole  chai^. 

On  Jan.  5th,  1875,  the  author  gave  a  charge  of  1465  toaflint^laaa  jar. 
On  March  16th  the  electricity  had  all  disappeared.  Another  flint-glass 
jar  charged  to  1048  on  Jan.  5th,  when  opened  on  March  16th  had  a 
charge  of  144,  the  loas  in  70  days  being  904,  or  86  per  cent. 
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-glass  jara,  of  the  shape  shown  in  fig.  1.  are  now  being 
le  composition  of    the  glass  of  each  jar   is    kDown   to 
\T,  and  glass  of  the  same  composition  as  that  of  any 
J  readily  to  be  obtained.     The  diameter  of  the  bulbs  is 
us.  and  their  thickness  about  0-25  centim.     A  jar  is  filled 
■ly  to  the  top  of  the  stem,     A  wet  cloth  covering  all  part* 
stem  below  the  level  of  the  insulator  forms  an  outside 
■  being  sealed,  the  jars  are  placed  in  running  water,  the 
which  is  never  greater  than  50°  F.,  nor  less  than  46°  F. 
'bservfttiona  have  beeu  made  ; — 
.    Charged   994.     Opened  after   10  dayg.    No  charge 

remaining, 
,    Charged  20S5.     Opened  after  7  days  6  houra.     The 

charge  remaining  was  27<f. 
1.  CharRed  1933.      Opened  after  10  days.     The  charge 

ment  shown  in  fig,  2  was  employed  to  determine  the 
11  temperature  and  electric  conductii-ity  in  a  flint-glaaa 

was  filled  to  the  height  A,  at  ordinary  temperature, 
acid,     A  is  a  cork  supportbg  the  glnss  insulator  C,  with 

D  containing  pumice  moistened  with  sulphuric  acid,  A 
Liii  wire  haugs  into  the  sulphuric  acid  and  terminates  in  a 
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The  npiditiM  of  losa  are  obtained  by  dividing  the  N^nemn  loguitiun 
of  the  quotdent  of  two  charges  or  readings  hy  the  iDterral  in  minutes 
between  the  two  observations.  Thus  it  is  ronghljr  assumed  Uut  the 
capacity  of  the  jar  is  the  same  at  all  temperatures. 
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111  whtcli  occurB  after  charging  is  very  marked.    Some     ■ 
va  of  reatillB  eeem  to  iiidic-ate  aa  lucreatted  polariEstioa 
1'  temperature.     Thus,  when  at  anj  low  temperature  the 

is  rapidly  raised  and  then  kept  constaat,  the  conduc- 
V  temperature  diuunishes  for  a  short  time  as  if  the  jar 

Lhe  fbarge  is  appro xiinately  represented  by 
lAV 
4n<l ' 
ifi-ific  iutluctive  capacity  of  the  glass,  V  the  reading  of 
.  aud  a  the  thickness  of  the  glass.     But  if  t  is  Iho  spe- 
of  the  glass,  the  rate  of  eoaductioo  through  it  is 

"I 

conducted  through,  cUvided  by  the  charge,  is  equal  to 
T- 

1      difference  of  Napierian  logarithms 
47r  ■                difference  of  times 
\-  of  loss  fflven  above  multiplied  by  the  speeificinductiya 
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Vin.  "Effects  of  Stress  on  Inductive  Magnetism  in  Soft  Iron." 
(Preliminary  Notice.)  By  Prof.  Sir  William  ThousoNj 
F.R.S.     Received  June  10,  1875. 

1 .  At  the  last  ordinary  meeting  of  the  Boyol  Society  (May  27),  after  fully 
deacribing  expenmenta  by  which  I  had  found  certain  remarkable  effects 
of  stress  on  inductive  and  retained  magnetism  in  et«el  and  soft  iron,  I 
briefly  referred  to  seeming  aaomalies  presented  by  soft  iron  whicii  had 
much  perplexed  me  since  the  23rd  of  December.  Differences  presented 
by  the  different  specimena  of  soft-iron  wire  which  I  tried  complicated  the 
question  very  much ;  but  one  of  them,  the  softest  of  all,  a  wire  specially 
made  by  Messrs.  Bichard  Johnson  and  Nephew,  of  Manchester,  for  this 
investigation,  through  the  kindness  of  Mr.  William  H.  Johnson,  gave  a 
result  standing  clearly  out  from  the  general  confusion,  and  pointing  the 
way  to  further  experiments,  by  which,  within  the  fortnight  which  has 
intervened  since  my  former  communication,  I  have  arrived  at  a  complete 
explanation  of  all  that  had  formerly  seemed  anomalous.  These  experi- 
ments have  been  performed  in  the  Physical  Laboratory  of  the  University 
of  Glasgow  by  Mr.  Andrew  Oray  and  Ur.  Thomas  Oray,  according  to 
instructions  which,  in  my  absence,  I  have  sent  them  from  day  to  day  by 
post  and  telegraph. 

2.  The  guiding  result  (described  near  the  end  of  my  former  paper,  and 
referred  to  in  the  last  paragraph  but  one  of  the  Abstract  in  Proceedings 
of  the  Boyal  Society  for  May  27)  was,  that  the  softest  wire,  tried  with 
weights  on  and  off  repeatedly,  after  it  had  been  magnetized  in  either 
direction  by  making  the  currant,  in  the  positive  or  negative  direction,  and 
stopping  it,  gave  effects  on  the  ballistic  galvanometer  which  proved  a 
shaking  out  of  residual  magnetism  by  the  first  two  or  three  ons  and  offs, 
and  a  gradual  settlement  into  a  condition  in  which  the  effect  of  "  on  "  was 
au  avgiaeniation,  and  the  effect  of  "  off  "  a  diminution,  of  the  inductive 
magnefazation  due  to  the  vertical  component  of  the  earth's  magnetizing 
force.  When  a  fresh  piece  of  the  same  wire  was  put  into  the  apparatus 
and  tested  with  weights  on  and  off  it  gave  this  same  effect.  If  the  wire  had 
been  turned  upper  end  down  and  tried  again  in  the  course  of  any  of  the 
experiments,  stUl  this  same  effect  would  have  been  shown.  It  seemed 
perfectly  clear  that  in  these  experiments  there  was  no  other  efficient 
dipolar  quahty  of  the  apparatus  by  which  the  positive  throw  of  the  bal- 
listic galvanometer  could  be  given  by  putting  on  the  weight,  and  the 
negative  throw  by  taking  it  off,  than  the  vertical  component  of  the  earth's 
magnetic  force. 

3.  Yet  I  did  not  consider  that  I  had  explained  the  result  by  the  ter- 
restrial influence,  because,  for  all  the  specimens  of  steel  and  soft  iron,  the 
effect  of  weights  on  had  been  uniformly  to  diminitik,  and  of  weights  off 
to  augment  the  magnetism  when  the  magnetizing  current  was  kept 
flowing.     And  I  was,  moreover,  perplexed  by  the  magnitude  of  tho 
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eights  on  and  off  shown  by  the  very  soft  iron  wire, 

I  feeble  magnetizing  influence  of  the  earth,  being  many 

(1  (iinufl  to  nine  or  ten  times)  as  great  as  the  effects  which 

t^  ou  and  oS  produced  in  the  same  wires  when  undn    , 

Imgnetizing  forces  of  the  currents  through  the  helix. 

Ihtcing  the  strength  of  the  magnetiziug  current  gradiuU]^ 

the  email  positive  effect  of  the  "  on  "  with  the  pontiv^B 

Lud  the  Bmali  negative  effect  with  the  negativ 

J  brought  to  approximate  more  and  more  nearly  to  t 

|Tt-ct  of  the  "  ou  "  when  there  ia  no  current  at  all.   Imm 

■  former  communication  I  therefore  nrrai 
Bde  with  different  measured  strengths  of  current,  foeblfl 
I  the  law  of  the  continuity  thus  pointed  out  ehoold  I 
so  speedily  arrived  at  the  following  astonishing  condaJ 

the  magnetizing  force  does  not  eiceed  a  certain  cril 
fcite  effects  oi pull  and  relaxation  are  respectively  tfl 
1  the  iuduced  magnetization. 

the  magnetizing  force  eiceods   the  critical  vailiu 
I  diminishes,  relaxation  augments,  the  induced 


t'itical  value  of  the  magn.>tizing  force  for  the  h 


Presents.                                 [May  13, 

Ic  to-day  for  the  purpose  of  finding  accurately  the  amount 
current  which,  by  neiitrahzing  the  vertical  force  of  the 
:■,  gives  an  aecurftte  zero  effect  for  the  "  off "  and  "  on." 
mgation  of  the  curve  through  the  plus's,  to  cut  the  line 
U  negative  side,  is  ideal,  and  h  inserted  to  illuatrate  the 
urve  to  the  other.     By  the  two  ciiryea  cutting  the  line 
h  S  and  -  8,  we  see  that  8  is  the  strength  ofthe  current, 
scale  of  the  battery-galvanometer,  which  gives  a  m^netic 
of  the  helii  equiJ  to  the  vertical  component  of  the  t«r- 
-•  force. 

■ries  of  espcrimcnts  to   test   the   inductive   effects    of 
ig  the  current  always  in  one  direction,  and  stopping  it, 
of  141bs.  always  on,  and  again  with  the  weight  off,  atid       \ 
s  degrees  of  cu^-nt,  feebler  than  those  used  in  the  earlier 
'lie  results  with  all  thedifferent  intensities  of  magnetizing 
'd  were  the  same  in  kind  as  that  which  I  found  on  the 
IT,  operating  with  a  much  stronger  magnetizing  force  on 
1  wire  tried ;  that  is  to  say  (cootrarily  to  what  I  had  fonnd 
■s),  thf-  change  of  magtletizatum  produceil  by  rrpraUd  appli- 
illinf/f  of  Oie  matpietizini;  foree  of  the  hetur  was  areater  uiilh 
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''On  the  Liquation^  Fusibility,  and  Density  of  certain  Alloys 
of  Silver  and  Copper.^'  By  W.  Chandler  Bobe&ts^  Chemist 
of  the  Mint.  Communicated  by  Dr.  Percy,  F.B.S.  Beceived 
March  11,  1875*. 

Alloys  of  silver  and  copper  possess  many  curious  chemical  and  physical 
properties  which  make  them  interesting  apart  from  their  economic  value, 
and  entitle  them  to  careful  investigation.  The  most  remarkable  of  these 
is  a  molecular  mobility,  in  virtue  of  which  certain  combinations  of  the 
constituents  of  a  molten  alloy  become  segregated  from  the  mass,  the 
homogeneous  character  of  which  is  thereby  destroyed. 

These  irregularities  of  composition  have  long  been  known.  Some 
observations  of  Lasarus  Erckem,  in  a  work  published  in  the  seventeenth 
century t)  show  that  he  was  familiar  with  them;  that  Jars  possessed 
more  accurate  information  on  the  subject  is  proved  by  his  stating 
explicitly,  in  a  memoir  published  in  1781 1,  that  in  ingots  of  silver-copper 
alloys  containing  much  of  the  base  metal,  the  centre  of  the  mass  is  less 
rich  than  the  external  portions. 

•  Bead  March  18,  1875.    See  aM,  p.  349. 

t.  His  work  was  translated  in  1686  by  Sir  John  PeUus.    See  *Fleta  idnor/ 
Book  L  p.  62. 
I  Vojages  M^tallurgiques,  t  iii.  p.  270. 


Mr.  \V.  C.  Ruberta  on 

iL  question  have,  during  the  present  coDtury,  been  the 
i'  t-icellent  reaei.rches  m  this  country  and  on  the  continent, 
■k-rautiL-  esperimentB  being  those  of  D'Areet,  Inspecteur 
:-sai^  flt  the  Frunoh  Jlint,  uho  in  1824  investigatod  the  - 
it'll  attend  the  cooling  of  molten  mixtures  of  silver  and 
laa  not  appear  to  have  published  his  results  ;  but  in  1852 
1  n  well-kui.un  (nemoLr",  that  the  object  D'Areet  had  in 

of   luy  ex|)eriiaentH,  that  this  tonchision  may  now   be 

uwn  experinieiitM,  cast  the  alloy  to  lie  eriimined  either  in 
ui..u]J  of  45  minima,  side,  or  in  a  sph.;re  50  niillima.  in 
'  conchided  ihnt  th^'  only  hnmageiieous  aUoy  containa 

silver  and  281-i)7of  copper  in  1000;  and  he  conoidmi 
iuite  combination  of  1he  Imo  metals,  havhig  the  furmuls 
,  Ou,  if  ii:i-3l  b.'  taken  U<  be  the  equivalent  of  copper). 
-  of  aiher  and  copper  he  \  ieMS  as  mixtures  of  this  definito 
■-  (if  either  of  the  meiiils. 
;it!bii'S.-L.ii   ^tlldi,  d  these  allovs  wilh  the  iiiiiiut*  accuraev 

,/.i-.i  ,.11  U:-  w'.rls.  !U,d   h--  deseribed  Hieui  ;t«  "  meebanieiil 
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of  silver ;  otlierwide  we  should  expect  n  strnight  line  from  the  alloy 
containing  72  per  cent,  of  silver  to  that  which  contains  only  10  per 
cent. 

I  now  proceed  to  give  the  results  of  iny  own  experiments. 

In  commencing  the  ini[uiry,  it  seemed  proltablc  that,  by  determining 
the  melting-points  of  a  series  of  the  alloys  of  silver  and  copper,  informa- 
tion of  much  interest  might  be  gained  na  to  the  arrangement  which  attends 
the  solidifii-atiou  of  a  fluid  mass  of  these  metnls.  1  miopted  a  modiiica- 
tion  of  the  plan  described  by  Pouillet*,  and  ejiiployed  by  him  in  deter- 
mining the  specific  heat  of  platinum  at  high  temperatures. 

As  soon  as  the  alloy  under  exainiimtion  wan  inelled,  a  wrought-iron 
cylinder  of  known  weight  was  dropped  into  it  by  means  of  a  wire  sup- 
port. The  crucible  was  then  removed  from  the  furnace,  and,  when  the 
alloy  showed  signs  of  solidifring,  thi-  iron  was  transferred  to  a  calori- 
meter, whii'h  consisted  of  two  concentric  vessels  of  thin  polished  brass, 
such  OS  if  ordinarily  used  fur  deferuiiniug  Sjii-ciiic  heats  by  the  method  of 
miitures. 

It  was  necessary  lo  delentiine  the  mcim  specific  heat  of  the  iron 
employed,  between  0°  C.  and  a  known  fixed  point  near  the  maximum 
temperature  likely  to  lie  attained  in  the  coursi'  of  ibe  esperimenis.  The 
multing-pomt  of  silier  wiui  a  convenient  one,  and  it  has  been  accurately 
ascertained  by  M.  BecijuiTi'lt,  w-ho  plaei-d  ii  wiri!  of  pure  silver  iji  a 
crucible  which  was  eTicloseit  iu  a  porcelain  tube  surrounded  by  the 
Tajwur  of  boiling  riiic,  the  temperature  of  which  h;is  IxKsn  fixed  by  M. 
Uevilleat  IU4U°C.J  As  the  hestt  was  snffici.-nt  to  partially  fuse  the 
silver,  this  temperature  may  safely  be  taken  as  tlic  mell iiig-point  of  the 
metal. 

Ill  order,  therefoiv',  ( o  determine  the  specific  heat  of  tlio  iron,  I  plunged 
the  cylinder  into  molten  silver,  and  transferred  it  to  the  calorimeter.  I 
may  here  observe  thnt  the  film  of  oxide  which  form(td  on  the  surface  of 
,tlie  iron  to  a  great  extent  prelected  it  from  being  attacked  by  the  molten 
iilkiv  ;  but  it  was  impossible  to  avoid  carrying  into  the  calorimeter  a  auinll 
<|uaulily  of  metal  which  adhered  to  Ihc  iron.  The  metal  so  introduced 
was  always  collected  and  allowed  for.  "^^'ith  pure  silver  O-OoTOl  was 
taken  as  the  specilic  heat,  while  in  the  case  of  alloys  the  necessaiy  cor- 
rection was  made  by  deducing  the  specific  heat  of  each  alloy  from  the 
specific  heats  o£  its  conntituents ;  and  (he  eciuivalent  weight  of  iron  was 
calculated  by  multiplying  the  weight  of  introduced  metal  by  its  specific 
heat,  and  dividing  this  product  by  the  specilic  heat  of  iron  as  ascertiuned 
by  prelimiiian-  expi'ritnonts.  This  weight  was  then  added  to  that  of  the 
iron  employed. 

The  specific  heats  of  metals  at  high  temperatures  have  not  been  deter- 

*  £lfniiMil«  lis  Ph.VBiqiic,  eiiieino  cililinn.  t.  n.  p.  504. 
t  Ann.  Cliiin.  et  Pliy*.  (3)  t.  Uviii.  p.  71. 
{  Coinplcn  llendus,  t.  Wii.  p.  HUT. 


Mr.  W.  C.  Roberta  on 

ndoptioQ  of  Begnault's  numbers  in  calculating  the  h«at 
mlorimeter  by  the  alloys  may  t«nd  to  make  the  results  ■ 
high. 

if  the  experiments  were  calculated  by  means  of  the  tal- 

yeight  of  the  iron  employed. 

water. 
)>,,  B„  are  the  water-equivalents  of  the  calorimeter  and  ther- 

Tietor  respectively. 

initial  temperature  of  the  iron. 

„      water. 
final 
specific  heat  required. 

iment  these  quantities  had  the  following  values  : — 

=  83140  grms.                          T  =1040°C. 
=260-520     „                             (    =     16"  C. 
=    15-IJ87     „                             e  =     63-0. 

■f  silver  carried  over  was  3-266  gnus.,  the  heating  effect 
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of  hast  sustained  by  the  iron  during  itfl  transfer  from  the  crucible  to  Uie 
calonmet«r ;  and  (4)  the  radiation  from  tMs  inatnimetit. 

The  melting-point  of  copper  has  not  been  exactly  aooertained ;  and  I 
experienoed  great  difBcolt;  in  determining  it  by  means  of  the  calorimeter, 
as  the  molten  metal  adheres  tenaciously  to  the  iron.  Accuracy  on  this 
point  is  not  absolutely  essential  to  this  inquiry,  and  I  therefore  adopted 
1330°  C,  as  this  is  considered  by  Dr.  Van  Biemsdijk*  to  be  the  probable 
melting-point  of  pure  copper. 

The  several  aUoys  were  synthetically  prepared  by  melting  together  pure 
silTer  and  pure  copper ;  and  as  soon  as  the  crucible  containing  the  fused 
metal  was  withdrawn  from  the  furnace,  a  small  portion  ctf  tba  tboronghly 
stirred  alloy  was  granulated  and  set  aside  for  analysis. 

The  requisite  data  for  ascerttuning  the  melting-point  of  each  alloy 
were  famished  by  an  experiment  similar  to  that  whidi  was  made  for 
d^ermining  the  specific  heat  of  the  iron,  and  in  calculating  tbe  result 
it  was  only  necessary  to  transpose  the  equation  already  ^ren,  T  being 
the  unknown  quantity  instead  of  x.    The  formula  then  becomes 

T-(F+i'.<'.+i'..O(e-0|e 

px 

the  v^ne  assigned  to  x  being  in  all  cases  0*15693,  the  mean  specific  heat 
of  iron,  as  given  above. 

To  take  an  example.  In  one  experiment  to  determine  the  melting- 
point  (rf  the  820*7  alloy,  tbe  following  values  were  obtained : — 

P       =247-74  grma.  t  =  15°  C. 

!»,«,+?.,«,.-  16-«87   „  e=  56»C. 


The  weight  of  alloy  carried  over  was  3-008  grms.,  tbe  beating  effect  of 
which  was  equivalent  to  that  of  1-543  grm.  of  iron.  Therefore  the 
corrected  value  of  j>  is 

82-55  +  1-543  grm.  =  84093  grms. 

Substituting  these  values  in  the  above  equation, 

^_(247-74+15-6a7)(56~15)^sA 
84093  X -15693 
«874'^42C. 

The  results  of  the  experiments  are  gjven  in  tbe  following  Table : — 

•  Anhim  NierlandaiMi,  t.  iii.  (1868). 
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These  melting-points  are  graphically  repreeeated  by  the  accompanying 
curve  (next  page) ;  the  coordinatea  are  the  amoimtB  of  ailrer  in  the  sereral 
alloys  and  their  melting-points. 

It  will  be  observed  that  the  curve  ezhibitB  a  somewhat  rapid  decrement 
from  pore  silver  to  the  alloy  which  contains  925  parte  of  silver,  the  one 
employed  for  the  British  silver  coins.  In  it  the  relation  between  the 
amounts  of  metals  present  is  approximately  represented  by  the  formula 
Ag,Cu. 

The  alloys  numbered  7  and  8  are  of  singular  interest.  The  first,  which 
contains  718-93  parts  of  silver,  is  Level's  homogeneous  alloy ;  and  I  anti- 
cipated that  it  would  have  the  lowest  melting-point ;  but  the  results 
showed  that  the  alloy  containing  630*29  parts  of  silver  (No.  8)  melts  at  a 
point  which  is  23*7  degrees  lower.  In  this  alloy  a  very  simple  relation 
exists  between  the  atoms  of  the  constituent  metals,  the  formula  being 
AgCu.  Additional  interest  b  imparted  to  it  by  Matthiessen'a  curve  of 
electric  conductivity  having  shown  that  the  arrangement  of  an  alloy  of 
this  composition  would  probably  be  peculiar.  From  this  point  the  curve 
passes  through  the  pointa  representing  alloys  in  which  tase  metal  pre- 
dominates to  1330°  C,  the  melting-point  of  pure  copper. 

Further  evidence  as  to  the  melting-pointa  of  Nos.  7  and  8  was  afforded 
by  placing  strips  of  them  in  small  covered  crudbles  surrounded  by  the 
vapour  of  boiling  cadmium,  the  temperature  of  which  haa  been  fixed  by 
Deville  at  860°  C.  Both  alloys  melted,  the  first  partially,  the  second  com- 
pletely. I  am  convinced,  therefore,  that  the  meltir^-pointa  of  thealloys 
generally  are  not  inaccurately  indicated  by  the  curve.  It  is,  however,  not 
improbable  that  the  examination  of  a  more  extended  aeries  of  alloys  may 
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point  to  the  neoesrity  of  slightly  modifying  its  form.  This  critical 
examination  is  espedally  necessary  in  the  region  of  the  497  alloy; 
for  not  only  do  the  results  obtained  on  it  diverge  widely  among  them- 
selves, but  their  mean  is  far  removed  from  the  probable  line  of  the 
curve. 

I  am  not  satisfied  with  the  results  I  have  obtained  on  an  alloy  which 
contains  773*2  parts  of  silver.  This  alloy  is  of  speciaEl  interest;  its 
formula  is  Ag^'  Ou",  silver  being  monatcwnic 

[Since  the  above  was  submitted  to  the  Boyal  Society,  I  have  made 
additional  experiments  on  alloys  in  these  two  portions  of  the  curve.  The 
calorimeter  used  was  of  thin  polished  silver,  capable  of  holding  1200 
grammes  of  water,  which  were  never  raised  through  more  than  15°  C. 
The  water-equivalent  of  the  instrument  was  only  16*72  grammes.  The 
masses  of  iron  used  were  such  as  had  been  employed  as  carriers  of 
heat  in  the  first  experiments :  the  mean  of  several  very  concordant 
results  gave  *16003  as  the  specific  heat  of  the  iron  when  this  new  calori- 
meter is  employed ;  and,  as  has  already  been  pointed  out  (p.  484),  this 
number  includes  and  neutralizes  several  errors. 

The  results  are  distingtiished  by  an  asterisk  in  the  Table,  and  have 
been  added  to  those  originally  indicated  in  the  Diagram.  They  confirm 
the  direction  originally  given  to  the  curve  in  the  region  of  the  alloys 
which  contain  from  718  to  800  parts  of  silver ;  but  the  existence  of  a 
cusp  has  been  detected  at  the  point  which  represents  the  alloy  No.  11 
( Ag,  Cu^).  It  may  be  interesting  to  point  out  that  the  results  from  which 
Matthiessen's  curve  of  electric  conductivity  was  developed  appear  to 
prove  the  presence  of  a  cusp  at  the  point  whidi  represents  the  alloy 
469*4  (AgCX).— 16<*  May,  1876.] 

It  may  be  useful  to  compare  these  results  with  those  obtained  by 
Eudberg  on  alloys  of  lead  and  tin.  He  found  that  when  a  thermometer 
is  placed  in  a  molten  alloy  of  these  metals  two  distinct  stationary  points 
are  indicated  during  the  passage  from  the  liquid  to  the  solid  state.  One 
of  these  points  is  always  187^0. ;  and  in  the  alloy  Fb  Sn,  the  two  points 
coincide  at  this  temperature — a  fact  which  led  Eudberg  to  conclude  that 
it  was  the  only  alloy  in  which  the  whole  of  the  metals  were  chemically 
combined.  I  hope,  in  continuing  this  inquiry,  to  be  able  to  ascertain 
whether  the  change  of  state  in  the  ease  of  silver-copper  alloys  also  termi- 
nates at  a  constant  temperature.  I  may  mention  that  M.  A.  Eich* 
determined  the  melting-points  of  certain  alloys  of  tin  and  copper  by 
means  of  Becquerel's  thermo-electric  pyrometer ;  and  he  obtained  con- 
cordant results  with  the  alloys  SnCu,  and  SnCu^;  but  with  all  other 
alloys  the  results  differed  widely  among  themselves. 

It  is  at  present  difficult  to  show  the  direct  bearing  of  these  results  on 
the  phenomena  of  liquation  in  alloys  of  silver  and  copper ;  but  the  curve 
is  valuable,  as  it  proves  that  the  alloys  Nos.  7  and  8  occupy  positions  in 

*  Ann.  Chim.  et  Fhys.  t.  nx.  p.  861. 
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silyer.  Fig.  6  shows  the  results  of  ai^alyses  on  the  different  portions  of 
a  mass  of  the  alloy  containing  333*3  parts  of  silver  per  thousand  ( Ag  Cu^). 
The  mass  varies  in  composition,  but  the  arrangement  does  not  appear  to 
have  been  guided  by  any  law. 

The  inquiry  appears  to  show  that  several  allo3rs  of  silver  and  copper 
ate,  under  suitable  conditions,  as  homogeneous  as  Levol's  alloy,  the  chief 
peouEarity  of  which  consists  in  its  not  being  liable  to  liquation  when  poured 
into  a  mould  at  ihe  ordinary  temperature  and  cooled  rapidly. 

It  will  be  remembered  that  experiments  prove  that  in  all  alloys  which 
contain  less  than  71'89  per  cent,  of  silver  the  external  parts  are  richer 
than  the  centre.  The  curve  of  fusibility  shows  that  the  alloys  which  con- 
tain le&B  tiian  35  per  cent,  of  silver  have  higher  melting-points  than 
other  alloys  of  silver  and  copper,  or  even  than  pure  silver.  It  would  not 
appear,  therefore,  that  liquation  is  the  falling  out  of  the  least  fusible 
aUoy  present  in  a  mass  of  silver  and  copper ;  for  if  it  were,  the  external 
portions  of  the  alloys  would  in  all  cases  be  less  rich  in  silver  than  the 
centre. 

I  cannot  at  this  stage  of  the  inquiry  offer  a  complete  explanation  of  . 
this  molecular  rearrangement ;  but  I  venture  to  think  that  the  results 
already  obtained  are  interesting.  *  They  show,  first,  that  the  same  alloys 
are  situated  on  the  turning-points  of  the  curves  of  fusibility  and  electric 
conductivity ;  and  second,  that  the  arrangement  of  an  alloy  is  to  a  great 
extent  dependent  on  the  rate  at  which  it  is  cooled. 

In  accordance  with  a  suggestion  made  to  me  by  Mr.  E.  Mallet,  I  have 
endeavoured  to  determine  the  relation  between  the  densities  of  silver  in 
the  solid  and  the  molten  state.  I  adopted  the  method  which  he  devised 
and  has  employed  in  the  determination  of  the  density  of  molten  cast 
iron*. 

A  conical  vessel  of  best  thin  Low-Moor  plate  (1  millim.  thick),  about 
16  centims.  in  height,  and  having  an  internal  volume  of  about  540  cub. 
centims.,  was  weighed,  first  empty,  and  subsequently  when  fiUed  with 
distilled  water  at  a  known  temperature.  The  necessary  data  were  thus 
afforded  for  accurately  determining  its  capacity  at  the  temperature  of  the 
air.  Molten  silver  was  then  poured  into  it,  the  temperature  at  the 
time  of  pouring  being  ascertained  by  the  calorimetric  method  already 
described.  The  precautions,  as  regards  filling,  pointed  out  by  Mr.  Mallet 
were  adopted ;  and  as  soon  as  the  metal  was  quite  cold,  the  cone  with  its 
contents  was  again  weighed. 

The  sur&ce  of  the  molten  metal  in  the  crucible  was  covered  with  char- 
coal ;  and  as  pure  silver,  when  in  a  liquid  state,  is  known  to  absorb  oxy- 
gen if  exposed  to  the  air,  the  cone  was  filled  with  an  atmosphere  of 
coal-gas. 

*  Proc.  Boy.  Soo.  vol.  xzii.  p.  366,  and  vol.  xziii.  p.  209. 
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metal. 
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er):-                                                                                            • 
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The  mean  of  the  coefficients  of  linear  dilatation  of  silrer  between  0^ 
and  100^  C,  given  by  various  authorities,  is 

0-00002015. 

It  will  thus  be  seen  that  the  expansion  of  silver  between  0^  C. 
and  1050°  C.  is  about  twice  as  much  as  it  would  have  been  had  this 
rate  of  expansion  been  maintained  through  the  whole  range  of  tem- 
perature. 

The  mean  coefficient  of  linear  dilatation  of  LevoFs  alloy,  as  deduced 
from  the  results  given  in  the  Table,  is 

0-00003703 ; 

but  it  is  impossible  to  compare  this  with  the  rate  of  expansion  at  low 
temperatures,  as  the  latter  has  not  been  ascertained. 
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In  conclusion  I  have  much  pleasure  in  acknowledging  the  assistance 
1  have  received  from  one  pf  the  Assistant  Assayers,  Mr.  Edward  Eigg, 
whose  cooperation  has  been  of  much  service  to  me ;  and  I  must  also 
express  my  thanks  to  Joseph  Groves,  Senior  Fireraiu,  who  aided  me  in 
the  furnace-operations. 
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being  introduced,  one  was  employed  for  magnetizing  the  macliine,  the 
other  being  used  for  external  work.  This  machine  gave  a  good  electric 
light  &c.,  and  was  shown  in  the  Exhibition  of  Paris,  1867,  when  a  silyer 
medal  was  awarded  for  it. 

To  simplify  this  machine,  the  author  of  this  paper  afterwards  placed 
the  two  armatures  in  the  same  groove  between  the  poles  of  the  electro- 
magnet, bolting  the  two  together  at  right  angles  to  each  other,  so  that 
they  came  under  the  influence  of  the  magnetism  alternately;  by  this 
method  one  pair  of  bearings  was  sufficient  instead  of  two,  and  the 
machine  altogether  was  much  simplified. 

The  machine  now  about  to  be  described  is  a  still  further  modification, 
in  which  the  greatest  amount  of  simplicity  and  effective  power  are 
combined. 

The  apparatus  consists  essentially  of  an  electromagnet  with  shoes, 
forming  a  groove  in  which  a  Siemens's  armature  is  made  to  revolve :  this 
is  much  the  same  as  the  original  machines  made  by  Siemens  and  Wheats 
stone ;  but  the  difference  occurs  in  the  break  or  commutator ;  here  there 
are  two  springs  or  rubbers  employed  in  taking  the  current  off  from  the 
commutator.  The  commutator  consists  of  three  rings  :  one  of  these  rings 
is  complete  for  three  quarters  of  the  circle,  the  other  quarter  being  cut 
away ;  another  ring  is  cut  away  three  quarters,  leaving  the  one  qiiarter ; 
and  in  between  these  two  rings  is  a  third  ring,  insulated  and  connected 
with  the  insulated  end  of  the  wire  wound  round  the  armature ;  on  this 
centre  ring  are  projecting  pieces,  one  a  quarter  of  a  circle  and  the  other 
three  quarters,  so  arranged  as  to  complete  the  two  outer  circles.  The 
rubber  spring  which  comes  into  contact  with  the  quarter  of  the  middle 
circle  is  connected  with  the  electromagnet  of  the  machine,  and  the  arma- 
ture is  so  arranged  that  at  the  time  of  contact  the  best  magnetisdng 
current  is  developed.  The  other  spring  rubber  is  in  connexion  with  the 
wire  on  the  armature  during  the  other  three  quarters  of  its  revolution ; 
and  this  is  connected  with  any  external  piece  of  apparatus  required  to 
be  worked. 

By  this  arrangement,  the  alternate  currents  being  utilized,  they  are  all 
in  the  same  direction ;  and  by  the  length  of  contact  the  whole  of  the 
current  is  obtained  in  the  best  condition  for  heating  wires,  decomposing 
water,  giving  an  electric  light,  and  other  usual  experiments. 

At  present  a  model  machine  has  been  constructed  on  this  principle, 
the  armature  of  which  measures  5  inches  long  by  2  inches  diameter,  on 
which  is  wound  about  50  feet  of  cotton-covered  copper  wire,  no.  16, 
B.  W.  G.  The  magnet  has  about  300  feet  of  covered  copper  wire, 
no.  14,  B.  W.  Q-. :  the  whole  instrument,  without  the  driving-gear, 
weighs  26  lbs. ;  with  this  apparatus  8  inches  of  platinum  wire,  '005, 
can  be  made  red-hot,  water  is  rapidly  decomposed,  &c. 

The  armature  is  constructed  specially  to  prevent  the  accumulation  of  heat 
to  which  every  class  of  dynamo-magneto-electric  machiix<^  \%  ^^iia.  "VsiSa 
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les,  a  groove  of  a  zigaag  form  being  c&st  in  each  half, 
two  are  screwed  together  a  continuouB  chanuel  is  main- 
lii?  bearings  for  a  current  of  cold  water  to  pass  during 
iio  matliiae  is  at  work. 

5rf  suggested  by  these  arrangeroenta  are  their  extreme 
nw  number  of  parts,  only  one  armature  and  one  wire 

of  the  alternate  current  being  utilized  la  also  applicable 
istruct-ed  on  the  multiple  armature  principle;  and  the 
resulting  would  prove  of  great  advantage,  aa  the  power 
could  be  varied  by  throwing  into  the  electromagnet* 
ler  current,  or  every  fourth,  sixth,  or  eighth  current, 
strength  rcqviired  in  the  machine,  the  whole  of  the  other 
tilized  for  electric  light  or  otherwise. 
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Well-marked  stomata,  both  spuria  and  vera,  are  to  be  seen  on  the  sur- 
face, the  latter  unquestionably  forming  orifices  of  entrance  into  the  vast 
system  of  canals  of  which  the  proper  system  of  the  cord  is  composed. 

The  epithelium  varies  somewhat  in  its  arrangements  near  the  placenta 
and  near  the  foetus. 

In  the  former  position  the  cells  are  smaller,  more  irregularly  jointed, 
and  apparently  somewhat  more  elongated  in  the  direction  of  the  long  axis 
of  the  cord  than  they  are  near  the  foetus. 

The  whole  appearance  of  the  cells  gives  the  impression  that  the  cover- 
ing is  older  here ;  and  in  the  canals  and  in  the  stomata  are  to  be  seen  rows 
of  minute  refracting  globules,  visible  only  under  very  high  powers,  the 
nature  of  which  I  have  been  unable  to  make  out,  as  they  appear  only 
after  deep  silver-staining. 

m.  The  alveolated  canalicular  tissue  of  the  cord  is  divided  through- 
out its  entire  length  into  three  columns,  the  divisions  between  which  are 
not  visible  to  the  naked  eye,  but  become  very  perceptible  when  one  of  the 
columns  is  injected  by  Eecklinghausen's  method. 

When  the  canals  are  empty  they  present  the  appearance  of  fibrous 
tissue  by  the  collapse  of  their  walls,  and  when  partially  distended  they 
look  like  stellate  cells.  This  has  led  to  the  erroneous  description  of  a 
fibrous  matrix  in  which  occur  stellate  cells.  In  the  lacunar  spaces  of  the 
canals  the  oval  nuclei  are  imbedded. 

These  nuclei  do  not  alter  their  shapes  or  positions. 

In  injecting  this  system  of  canals,  the  fluid  passes  more  readily  in  the 
direction  from  the  foetus  to  the  placenta  than  in  the  reverse  way. 

During  the  process  minute  streams  of  the  injection  may  be  seen  flow- 
ing from  the 'surface  of  the  cord ;   and  these  are  not  due  to  rents. 

Transverse  and  longitudinal  sections  of  the  injected  columns  show  that 
the  canals  are  stellate  in  every  plane. 

In  the  alveoli  between  the  canals  the  wandering  cells  are  found.  Silver- 
staining  shows  that  these  canals  are  walled.  The  nuclei  are  not  fusiform, 
for  when  magnified  1000  diameters  they  are  seen  to  be  oval  and  provided 
with  a  very  small  nucleolus.  The  statement  that  they  send  processes  into 
the  branches  of  the  canals  is  due  to  an  optical  illusion,  dispelled  by  the 
use  of  high-power  immersion  lenses. 

The  round  cells  which  occur  in  the  alveoli  have  very  large  nuclei,  quite 
disproportionate  to  the  surrounding  protoplasm. 

They  ara  not  constant.  In  some  cords,  especially  those  removed  from 
large  children,  they  are  found  very  scantily,  whilst  on  the  cord  of  a  small 
eight-months'  child  they  were  found  to  be  extremely  abundant. 

They  are  also  often  more  numerous  in  some  pai-ts  of  the  cord  than  in 
others,  and  in  one  district  of  the  cord  than  in  another. 

They  are  most  abundant  near  the  umbilicus  and  near  the  capillaries. 
They  may  be  seen  moWng  on  the  warm  stage  and  exhibiting  amoeboid 
movements  after  having  taken  up  litmus  colour. 
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n  able  to  discover  any  nervo-fibres  in  the  cord, 
r  tissue  may  be  demoaetrated  to  end  in  threo  cones, 
imn  of  the  cord,  the  apices  of  which  are  just  within  the 
JO  injection  wiU  not  pass  through  the  tendinous  ring; 
eded  in  making  it  enter  the  capillaries  of  *hB  cord  £rom 

ffction  of  the  capiUary  plexus  running  from  the  dermal 
xessfully  accomplished  (and  this  is,  for  many  reasoiiB,  i, 
do),  there  -nill  be  found  a  peculiar  vascular  arrangement 
the  cord,  lying  in  the  firm  nucleated  tissue  which  forms 
5.    The  basLi  o£  this  arrangement  is  a  peculiar  sacculated 
ravation  iu  the  fibrona  tissue,  as  it  is  doubtful  if  it  has 
1.     It  seems  to  have  a  spiral  arrangement,  for  in  one 
■s  and  disappears  as  only  a  screw  could. 
>m  the  omplialic  ring  at  least  forty-five  milliraa,  up  into 
CO  of  the  cord,  giving  off  at  short  intervals  thick  trunks 
■oak  up  into  capillaries. 

ies  do  not  form  loops,  but  enter  directly  into  the  canali- 
d  it  is  possible  to  inject  a  large  extent  of  all  three  dia- 
stance  of  the  cord  by  passing  the  injection  through  the 
iius  aecma  to  originate  from  the  email  arteries  of  the 
i:lI  wall,  which  cnt«r  with  the  vein. 
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GRie  limitation  of  tlie  canalicular  tissue  of  the  cord,  at  its  placental  attach- 
ment, is  quite  as  abrupt. 

Gnie  injection-fluid  cannot  be  made  to  pass  from  the  substance  of  the 
cord  into  the  placenta,  for  it  is  arrested  by  a  firm  membrane  derived  from 
the  chorion,  which  the  vessels  of  the  cord  penetrate,  and  between  two 
layers  of  which  they  lie.  There  is  absolutely  no  connexion  between  the 
nutritive  system  of  the  cord  and  that  of  the  placenta. 

VI.  GBie  chief  factor  in  the  nutrition  of  the  cord  is  the  arrangement  of 
capillaries  entering  it  from  the  foetus.  From  the  facts  observed  by  me 
in  cases  of  extra-uterine  gestation,  it  is  likely,  however,  that  the  stomata 
of  the  epithelial  surfaces  of  the  cord  play  an  important  part  in  its 
nutrition. 

The  liquor  amnii  contains  substances  which  are  very  suggestive  that 
the  fluid  is  used  for  purposes  of  nutrition,  and  perhaps  for  the  nutrition 
of  the  cord.  In  recent  cases  of  extra-uterine  foetation,  before  the  liquor 
amnii  becomes  absorbed,  the  cord  remains  fresh  and  plump.  After  the 
fluid  has  been  absorbed  the  cord  becomes  shrivelled ;  but  it  still  retains  its 
structural  characters,  minus  the  wandering  cells.  It  may  be,  therefore, 
that  the  canalicular  nuclei  are  able  to  keep  the  cord  in  repair,  as  it  were, 
by  the  matters  absorbed  from  the  liquor  amnii,  until  that  fluid  disappears — 
very  much  as  ivy  continues  to  live  after  its  connexion  with  its  root  has 
been  severed.  Indeed  the  analogy  between  the  umbilical  cord  and  vege- 
table tissue  is,  as  I  hope  to  be  able  to  show  further,  a  very  dose  one. 

III.  ''  First  Report  of  the  Naturalist  accompanying  the  Transit-of- 
Venua  Expedition  to  Kerguelen*s  Island  in  1874.^^  (Conclu- 
sion.) By  the  Rev.  A.  E.  Eaton.  Communicated  by  the 
President.     Received  May  10,  1875. 

In  January  1875,  shortly  after  the  departure  of  the  American  Expe- 
dition from  Royal  Sound,  an  opportunity  occurred  of  visiting  another  part 
of  Xerguelen's  Island.  To  relieve  the  ennui  of  his  officers  and  men, 
who  by  that  time  were  thoroughly  tired  of  being  detained  without  any 
definite  occupation  in  an  uninhabited  island,  Captain  Fairfax  ordered  the 
*Volage'  to  leave  Observatory  Bay,  and  proceeded  to  Swain's  Bay, 
where  he  remained  three  weeks.  During  this  period  he  entertained  me 
as  his  guest,  took  me  to  the  best  localities  in  the  bay  for  collecting,  and 
rendered  me  every  assistance  that  lay  in  his  power.  The  Royal  Society 
is  therefore  indebted  to  Captain  Fairfax  for  a  fine  series  of  Algae  from 
Swain's  Bay,  comprising  many  species  not  found  in  Observatory  Bay, 
and  some  that  were  not  known  to  be  indigenous  to  the  island.  Most 
of  these  are  described  in  the  'Flora  Antarctica'  as  Falkland-Islands 
species.  Captain  Fairfax  at  the  same  time  enabled  me  to  secure  the 
skeleton  of  a  Olohioeephalus,  which  was  found  dead  in  shallow  water  by 
Mr.  Forrest  (Mids.).   Most  of  the  epidermis  had  been  removed  by  small 
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[it  it  was  Eot  possible  to  aBcertain  the  colour  of  the  animal 
dridge,  B.N.,  very  kindly  photographed  the  careasa  befon 
md  its  dimensions  were  carefully  taken  by  one  of  the  boat': 
;fore  it  will  be  easily  identified. 

■llephante  were  frequently  found  by  us  in  Swain's  Bbj 
are  unifornJy  reddish  bron-n,  others  are  pale,  blotchei 
(h  darker  grey.     They  usually  lie  juat  above  the  bench 
hoOows  among  the  Actrita  and  Azordlit,  where  they  an 
the  wiod.     On  being  approached  they  make  no  attemp 
(possibly  because  thero  are  no  land  aniiaalB  indigenous  t 
jable  of  mole.'iting  them  to  canse  them  to  acquire  a  habi 
aise  up  the  fore  part  of  their  body,  open  the  mouth  wide 
uhar  slobbering  cry.     My  mammalian  specimens,  unfra 
ot  so  complete  as  they  were  when  first  procured,  owin; 
ility  of  preventing  "liberty  men"  and  others  taking  ai 
1  "  great  curiosities  "  whilst  the  process  of  cleaning  then 
3.     The  removal  of  stones,  purposely  laid  upon  soma  o 
0  the  loss  of  the  fore  limbs  of  seals,  &c.,  which  were  blowi 
nd. 

rds,  with  the  exception  of  two  species  (a  Protdlaria  and  j 
,  are  represented  in  the  Cape-Tott-n  Museum, 
■n    Wihoni    (Dr.    AV'yville   Thomson,   however,    seems   t 
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of  my  hand.  A  Sheathbill,  after  pecking  at  1117  boots,  ate  in  succes- 
aion  six  eggs  held  out  to  it.  But  the  Skua  behaved  in  a  etill  more 
extraordinary  maimer.  On  approaching  within  three  hundred  yards 
of  the  nest  it  was  evident,  from  the  excitement  of  the  old  birds,  that  the 
young  were  hatched ;  and  on  searching  for  the  nestlings,  the  old  birds 
commenced  their  osual  onslaught  when  within  two  hundred  yards  of  the 
nest.  Disregarding  their  outcries  and  fierce  swooping  down,  I  soon 
found  the  young  ones  crouching  amongst  the  herbage  some  distance 
apart  from  one  another  and  the  nest  (which  they  leave  at  an  early  age), 
and  sat  beside  the  nesi«st.  The  hen  Skua  immediately  alighted  within  a 
y:ud  of  me  and  continued  her  vociferations,  whilst  the  cock  withdrew  to 
the  other  nestling.  On  stroking  her  chick  the  hen  became  more 
excited  than  ever  and  advanced  a  little  nearer.  Taking  a  Prion's  egg 
from  my  pocket  and  holding  it  out,  her  cries  cea-sed  whilst  she  eyed 
the  egg,  but  recommenced  when  she  again  looked  at  me.  She  once 
more  looked  at  the  egg,  became  silent,  waddled  cautiously  up  and  pecked 
gently  at  my  finger,  then,  reassured,  pecked  the  egg,  which  she  very  soon 
made  an  end  of.  In  the  same  way  she  ate  a  young  Prion  killed  for  the 
purpose,  and  afterwards  flew  to  the  hole  from  whence  the  bird  had  been 
taken  to  see  if  it  contained  another ;  and  upon  my  digging  at  some 
other  holes,  she  came  near  and  stood  by  in  eager  expectancy  of  further 
gratuities.  With  regard  to  her  pecking  first  at  the  finger  before  the 
egg,  I  would  observe  that  wild  birds  usually  do  this  previous  to  feeding 
out  of  the  hand.  The  Sheathbills  did  the  same,  and  so  do  English 
birds  which  have  never  been  in  confinement.  It  seems  to  be  their  way 
of  testing  the  nature  of  any  strange-looking  object. 

The  SheathbUl  was  plentiful  in  Swain's  Bay,  and  a  fair  number  of  their 
eggs  were  procured.  As  Dr.  Kidder,  the  American  Naturalist,  had  not 
succeeded  in  finding  any,  I  was  anxious  that  he  should  have  some ;  but 
did  not  consider  myself  at  liberty  to  give  him  more  than  one,  and  that 
a  damaged  specimen  almost  in  halves.  The  Eoya!  Society  will  now  be 
able  to  be  more  liberal.  * 

A  fine  male  example  of  a  Saia,  differing  from  the  species  prenoualy 
found  in  Boyal  Sound,  was  shot  by  Mr.  Budds,  the  chaplain  of  H.M.S. 
'  Vohige,'  two  days  before  we  sailed. 

The  Agrottis  mentioned  when  I  last  n  rote  came  into  flower  about  the 
third  week  in  January.  It  can  scarcely  be  said  to  form  a  sward,  or  pas- 
turage even,  in  the  neighbourhoods  visited  by  me.  The  Limosella  was 
found  in  February  in  fruit  and  flower,  very  sparingly,  in  only  one  shallow 
lake  between  the  Observatory  and  Mount  Crozier. 

I  omitted  to  inform  you  that  the  Kerguelen-Island  CallitrKhe,  given 
in  the  '  Flora  Antarctica '  as  C  vtma  var.  terrestris,  should  (I  think)  be 
regarded  as  a  form  of  C.  pedunculata  rather  than  of  C.  vema.  It  has 
no  bracts,  and  seems  to  exhibit  other  peculiarities  of  C,  jpeduncaltUa, 
Prof.  Wyville  Thomson  aUudea  to  it  as  C.  vema;  but  probably  he 
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ame  from  the  '  Flora '  without  suspieion,  unless,  indee 
tuly),  both  species  occur  on  the  island.     For  the  satisfat 

g  flower  and  fruit,  as  well  ns  dried  oxamplos. 

bich  was  new  to  me,  according  to  Lady  Borkly,  may  be 

I'Uum  {^arammitix)  aiutntle. 

ring  particubira  I  am  sorry  to  have  occasion  to  repor 

;er  Alga^  collected  were  spoilt.     One  suite  of  dried  ei 
Bt,  through  the  boi  in  which  they  were  contained  ban 
1  the  rain,  by  oue  of  the  servants  a  few  days  before  w 
t  my  knowing  it  had  been  moved  from  its  place.    Th 
;hered  the  day  before  we  left  the  island,  was  sent  on  boar 
»ith  directions  that  the  hos  should  be  placed  in  an  accessibl 
rtunately  the  message  mia carried,  the  box  was  stowed  awa 
d  I  could  not  get  at  it  until  a  fortnight  afterwards,  whc 
ole  of  its  cootents  were  completely  decomposed. 
a  of  examples  of  some  of  the  flowering  plants  were  loj 
fficulty  of  attfinding  to  them  when  collected, 
iclen's  Island  in  KM.S.  '  Supply '  on  the  27t!i  February 
on's  Bay  on  the  3lKt  March,  and  at  Oravoseud  on  th 
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onita  for  a  Btandard  substance.  DistiUed  water  was  lued,  and  the  mag- 
netic force  waa  produced  by  means  of  an  electric  current  in  a  l>eliz,  as 
the  magnedsm  of  iron  magnets  is  an  undetermined  function  of  the  shape 
and  nature  of  the  iron  core. 

The  strength  of  the  helix  was  d6t«rmined  by  comparing  the  magnetic 
force  at  a  series  of  seven  equidistant  points  along  its  axis  in  terms  of 
that  tit  the  centre  of  the  great  dynamometer  of  the  British  Assodation, 
whose  power  is  known  in  absolute  measure. 

The  intensities  were  compared  by  vaiying  currents  sent  opposite  ways 
through  each,  till  the  action  on  a  small  magnet  at  their  common  centre 
■vnanil. 

The  intensity  at  each  of  a  series  of  points  being  known  for  a  given  cnirent, 
the  difference  of  magnetic  potential  at  the  two  ends  for  that  current  was 
obttuned  by  integrating  with  respect  to^  the  length  between  limits  corre- 
sponding to  the  end  of  the  helix. 

For  this  Weddle's  rule  was  used,  viz. 


JT- 


,<to=^A{w,+M,+w.+«,+5(«i+u,)+6t.,}, 


whero  6*  is  the  length  of  the  helix  and  u,  the  magnetic  intensity  at 
any  point. 

The  difference  of  magnetic  potential  at  the  ends  for  a  certain  current 
being  known,  the  strength,  N,  of  the  helix  (which  is  the  ratio  of  this 
difference  to  the  current,  or  the  difference  of  msgnetic  potential  which 
would  be  due  to  a  unit  current)  is  known,  and  is  a  number,  because  current 
and  magnetic  potential  are  of  the  same  dimensions. 

In  the  helix  used,  which  was  about  26-34  centims.  in  length  and  13 
centims.  in  diameter,  we  had 

N= 10752. 

The  absolute  value  of  the  degrees  of  a  tangent  galvanometer  waa  also 
determined  by  placing  it  under  the  dynamometer. 

To  determine  the  rotation  of  the  plane  of  polarization,  a  Niool's  prism, 
set  in  a  circle,  was  used,  and  the  lighb  was  polarized  by  means  of  a  prism 
invented  by  Professor  Jellett,  and  described  by  him  in  vol.  xiv.  of  the 
Transactions  of  the  Boyal  Irish  Academy, 

It  was  constructed  of  Iceland  spar,  and  its  field  of  vision  consisted  of 
a  circle  divided  by  a  line,  the  light  of  one  half  of  which  was  polarized  in  a 
certain  plane,  and  the  light  of  the  other  half  in  a  plane  iacUned  at  about 
2°  to  that  of  the  first.  The  intermediate  position  of  the  Nicol,  when 
the  whole  field  was  equally  dark,  could  be  determined  with  some 
accuracy. 

The  water  wae  contained  in  a  tube  with  glass  ends,  of  the  same  length 
as  the  helix,  and  placed  with  it.    The  polarized  ray  was  sent  through  it, 
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t,  whose  intenaity,  C,  w&a  measured  by  the  tangent  galva- 
ifled  ill  the  circuit,  was  sent  througii  the  helii  first  in  one 
then  in  the  other,  and  the  plane  of  polarisation  observed. 
reneo  of  the  readings  was  the  rotation  produced  by  tha 

(t  thia  rotation  expressed  in  circular  measure,  and  define 
lant  as  the  rotation  which  a  unit  current  in  a  nnit  coil 
in  unit  of  length  of  distilled  water,  we  have 
fl 

A  the  series  o£  esperiments  made  was  to  obtfun  for  u  the 

,  =  (10-7)4-49  centimetre-gramme-seconds. 

ana  obviouBly  are  the  reciprocal  of  those  of  current,  vit 

M  =  [L-iM-iT]. 
ur  result  in  a  slightly  different  form  we  may  say  that, 
;Lri/«d  light  passes  through  distilled  water,  and  the  mag- 
1  of  the  water  at  any  two  points  in  the  path  of  the  ray 
y,  then  the  plauo  of  polarization  will  be  rotated  between 
-!  tou-millioiiths  of  a  unit  of  circular  measure. 

M.ratory,  Cambridge, 
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Atonl  extensioa  in  the  latter,  bo  that  in  passing  from  one  point  to 
mother  the  roller  does  ia  t^uth  paas  over  a  greater  extent  of  surface  than 
the  distance  between  theso  points.  A  simple  experiment  was  sufficient 
to  verify  the  troth  of  this  conclusion.  An  iron  roller  18  inches  in  circnm- 
Ferenoe  was  found  to  roll  through  something  like  j  inch  less  than  a  yard 
in  two  cmnplete  revolntians  when  rolling  on  a  plate  of  india-rubber.  The 
Boftneas  of  the  india-rubber  suffered  the  roller  to  indent  it  coDsiderablj' ; 
and  hence  it  might  be  expected  that  the  effect  would  be  much  more 
apparent  than  when  the  roller  was  roUing  on  iron  or  any  hard  material. 
At  the  same  iime  there  is  doubtless  a  certain  amount  of  indentation  in  this 
latter  case ;  and  this  will  probably  cause  a  similar  alteration  in  the  distance 
rolled  through,  although  too  small  to  allow  its  being  measured. 

This  falling  off  from  what  may  be  called  the  geometrical  distance,  sug- 
gested an  explanation  of  the  resistance  to  rolling,  namely,  that  the  exten- 
sion of  the  surface  or  surfaces  at  the  point  of  contact  causes  the  one 
surface  to  slide  over  the  other ;  and  this  sliding  is  accomplished  against 
friction.  In  this  way  we  should  expect  to  find  the  resistance  to  rolling 
greatest  under  those  inrcumstances  in  which  the  shding  is  greatest,  t.  e. 
where  the  indentation  is  greatest ;  and  so  far  it  is  in  accordance  with 
Coulomb's  laws.  In  the  case  of  india-rubber,  we  find  the  slipping 
is  Tery  large ;  and  hence  we  should  expect  the  resistance  to  rolling  to 
be  large  also;  and  accordingly  we  find  it  so,  for  it  is  more  than 
ten  times  as  great  as  when  the  roller  is  on  an  iron  plane.  This  very 
great  resistance  which  india-rubber  causes  to  rolling  appears  not  to  have 
previously  caught  attention ;  and  yet  it  is  the  natural  explanation  of  the 
invariable  &ilure  which  has  attended  the  numerous  endeavours  which 
have  been  made  to  use  this  material  for  the  tires  of  wheels. 

This  idea,  that  the  resistance  to  rolling  is  due  to  the  friction  between 
the  surfaces  sliding  at  the  point  of  contact,  naturally  leads  to  the  conclu- 
sion that  it  must  depend  on  the  coefGcient  of  friction  between  these  sur- 
faces, and  that  we  might  expect  to  diminish  the  resistance  by  using  oil 
or  any  other  means  of  reducing  the  coefficient  of  friction.  This  was  the 
author's  first  impression.  Experiments,  however,  showed  that  the  effect 
of  oiling  the  surface,  although  it  did  generally  reduce  the  resistance,  was 
very  small ;  and  sometimes  it  appeared  to  act  in  the  reverse  manner,  and 
increase  the  resistance.  This  conclusion  or  surmise  was  therefore  wrong ; 
and  the  cause  of  the  error  was  not  far  to  seek.  It  consisted  in  having 
overlooked  the  fact  that  friction  not  only  opposes  the  sliding  of  the  one 
surface  over  the  otlier,  but  also  prevents  it  to  a  considerable  extent,  and 
thus  modifies  the  deformation  which  would  otherwise  take  place ;  so  that 
any  diminution  in  the  coefficient  of  friction  is  attended  with  an  increase 
in  the  extent  of  slipping,  which  tends  to  balance  the  advantage  gmed 
by  the  reduced  coefficient. 

The  truth  of  this  view  derives  independent  support  £rom  a  circum- 
stuice  remotely  connected  with  rolling-friction,  of  which  it  funushes  an 
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UTien  the  roller  rests  on  &  horizontal  surface  and  is  T?ry 
bed,  it  does  not  move  off,  but  oscillates  backwards  and  for- 

happeiis  on  all  kinds  of  elastic  surfaces ;   on  soft  india- 
illationB  are  both  large  and  continue  for  some  time.     Now 
Lion  m  the  surface  of  the  rubber  were  complete,  there  would 
y  to  bring  the  roller  back  ;  but  since,  owing  to  friction,  the 
inder  the  advancing  side  of  the  roller,  is  prevented  from 
le  that  under  the  other  side  is  prevented  from  contraeting, 
t  a  state  of  constraint  from  which  the  surface  is  endea- 
.-  itself  by  forcing  the  roUer  back. 

■  relative  softness  of  the  materials,  the  curvature  of  the 
ct  the  lateral  eitension  both  of  the  roller  and  the  plane  at 
mtact,  so  that  if  the  roller  and  the  plane  vere  of  the  same 

would  sliU  bo  shpping.     This  would  not  be  the  case,  how- 

Iwo  wheels  of  the  same  diameter  and  material  rolling  in 

lort  sketch  of  the  subject  of  the  paper,  a  considerable  part 
li-voted  to  the  oiaminotion  and  illustrarion  of  the  eiad 
ich  the  deformation  at  the  point  of  contact  occurs,  and  the 
riction  upon  it.     The  latter  part  of  the  paper  contains  an 
lueTous  experiments,  and  their  results,  which  were  unde> 
of  this  investigation. 
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mediately  expanding  to  the  same  volume  aa  it  previously  occupied,  and 
the  viacoBity  of  the  material,  which  also  renders  it  slow  to  expand.  Both 
these  causes  are,  however,  rather  connected  with  the  efEect  of  the  ipeed 
of  the  roller  on  the  resistance  than  with  the  residual  resistance,  which,  so 
far  as  the  aurfaoes  are  perfectly  true  and  perfectly  hard,  appears  to  be 
due  to  the  friction  which  accompanies  the  deformation,  and  is  hence 
called  rolling-frietion, 

No  attempt  has  yet  been  made  to  investigate  the  laws  of  rolling-fric- 
tion, although  the  author  hopes  to  continue  the  investigation  in  this  direc- 
tion as  soon  as  he  has  obtained  the  necessary  apparatus. 

At  the  end  of  the  paper  attention  is  called  to  certain  phenomena  con- 
nected with  railway-wheels,  which  it  is  thought  now,  for  the  first  time, 
receive  an  explanation.  Thus  the  surprising  superiority  of  steel  rails 
over  iron  in  point  of  durability  is  explained  as  being  due  as  much  to  the 
fact  that  their  hardness  prevents  the  wearing-action,  i.  e.  the  slipping, 
as  that  it  enables  them  better  to  withstand  the  wear.  Also  the  slipping 
beneath  the  wheel  explains  the  wear  of  the  rails  in  places  where  brakes 
are  not  applied ;  and  the  severe  lateral  extension  beneath  the  wheel  is 
thought  to  explain  the  scaling  of  wrought-iron  rails. 


VI.  "  On  Multiple  Contact  of  Surfaces."      By  William  Spottis- 
wooDE,  M.A.,  Treas.  R.S.    Received  May  24, 1875. 

(Abstract.) 

In  a  paper  "  On  the  Contact  of  Quadrics  with  other  Surfaces,"  pub- 
lished in  the  Proceedings  of  the  London  Mathematical  Society  (May  14, 
1674,  p.  70),  1  hare  shown  that  it  is  not  in  general  possible  to  draw  a 
quadric  surface  T  so  as  to  t«uch  a  given  surface  U  in  more  than  two 
points,  but  that  a  condition  must  be  fulfilled  for  every  additional 
point.  The  equations  expressing  these  conditions,  being  interpreted  in 
one  way,  show  that  two  points  being  taken  arbitrarily,  the  third  point 
of  contact,  if  such  there  be,  must  lie  on  a  curve,  the  equation  whereof  is 
there  given.  The  same  formulte,  interpreted  in  another  way,  serve  to 
determine  the  conditions  which  the  coeificients  of  the  surface  Y  must 
fulfil  in  order  that  the  contact  may  be  possible  for  three  or  more  points 
token  arbitrarily  upon  it ;  and,  in  particular,  "the  degrees  of  these  con- 
ditions give  the  number  of  surfaces  of  different  kinds  which  satisfy  the 
problem. 

In  another  paper,  "  Sur  les  Surfaces  Osculatrices  "  (Comptes  Bendus, 
6  Juillet,  1874,  p.  24),  the  corresponding  conditions  for  the  osculation  of 
a  qoadric  with  a  given  surface  are  discussed. 

In  the  present  paper  I  have  regarded  the  question  in  a  more  general 
way ;  and  having  shown  how  the  formula  for  higher  decrees  of  ecmiatA 
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I  have  developed  more  ia  detail  soma  special  cases  of 

,\emeDce  of  the  reader,  I  have  in  §  1  briefly  recapitulated 
|)nrta  of  the  two  papers  above  quoted.    In  §  2  I  have  given, 
t  first  slietch  of  a  general  theory  of  multiple  contact  with 
§  ;i  the  particular  cases  of  throe-,  four-,  five-,  Bod  sii- 
1.  are  discussed ;  and  in  §  4  some  conditions  for  the  eiist- 
(  of  four-,  five-,  sis-poiutic  single  (i.  e.  not  multiple)  contact 
i. 

0  investigation  concerns  the  contact  of  quadrica  only  wilh 

The  concluding  part  of  the  paper  is  concerned  with  the 
problem  for  eubics,  in  which  case  conditions  of  possibility 
ir  simple  or  two-pointic  contact,  but  are  first  met  with  for 
Lontoct.     The  conditions  in  question,  -odth  some  of  their 
jire  here  given  ;   and  their  compleiity  will  perhaps  be 
ifieation   for   not    pursuing  the  subject   further  in  this 

c  Theory  of  the  Solution  of  a  System  of  Simultaneoas 
oar  Partial  Differential  Equations  of  the  First  Order." 
.  Na\so\.     Commmiicatcd  by  Prof.  Cayley,  P.It.S. 

1  Jrnic  5,  1875. 
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VIII.  "  Reduction  of  Anemograms  taken  at  Armagh  Observatory 
in  the  Years  1857  to  1863/'  By  T.  R.  Robinson,  D.D.,  F.R.S., 
&c.    Received  June  11, 1875. 

The  instrument  with  which  these  observations  were  made  is  described 
in  the  Transactions  of  the  Royal  Irish  Academy,  vol.  xxii.,  and  a  con- 
tinuous series  of  its  records  exist  from  1845  to  1870.  With  the 
limited  resources  of  this  Observatory  it  was  not  in  my  power  to  reduce 
them ;  but  it  seemed  to  some  distinguished  members  of  the  Royal  Society 
desirable  to  ascertain  whether  such  observations  are  competent  to  develop 
any  laws  amid  the  seeming  lawlessness  of  the  winds,  and  they  obtained 
for  me  a  grant  from  the  Government  Fund  to  discuss  the  anemograms 
of  these  seven  years.  Unfortunately  the  work  has  been  long  delayed  by 
various  accidents. 

Of  the  causes  of  wind  some  are  undoubtedly  periodical ;  and  though 
they  are  masked  by  others  of  greater  magnitude,  which,  in  the  present 
state  of  our  knowledge,  seem  quite  lawless,  yet  these  wiU  disappear  from 
the  mean  of  a  sufficient  number  of  observations  and  leave  as  residual  the 
first.  Of  the  periodical  causes  the  unequal  distribution  of  heat  is  the 
most  important ;  and  this,  depending  on  the  place  of  the  sun,  is  evidently 
a  function  of  the  time. 

The  immediate  data  of  the  anemograms,  the  velocity  and  direction  of 
the  wind,  though  not  the  most  convenient  for  combining  in  great  num- 
bers, yet  are  those  which  interest  most  directly  the  general  inquirer ;  and 
I  have  presented  them  in  a  Table,  which  shows  for  each  month  of  the 
seven  years  the  mean  velocity  of  the  wind  in  each  octant,  the  number 
of  hours  during  which  it  has  blown,  the  maximum  in  each  month,  the 
number  of  hours  above  25  miles,  and  the  number  during  which  the  record 
8=0.  The  most  striking  fact  shown  by  this  Table  is  its  extreme  irregu- 
larity, not  merely  from  octant  to  octant  or  month  to  months  but  from 
year  to  year.  Both  velocity  and  hours  are  a  maximum  in  the  octant 
S.SW.,  a  minimum  in  N.NE.,  their  products  being  as  6 : 1.  As  to 
monthly  variations,  the  amount  of  wind  is  a  maximum  in  January,  de- 
creasing to  July  in  the  ratio  of  2| :  1,  and  thence  increasing  to  the  end 
of  the  year,  with  an  exception  in  the  case  of  March,  which  is  greater 
than  February  as  1*13  : 1.  This,  however,  does  not  establish  the  common 
idea  of  equinoctial  gales ;  for  the  hours  above  25  miles  are  fewer  in  March 
than  in  February,  and  there  is  no  excess  in  September  above  October. 
There  is  also  no  clear  indication  of  any  influence  of  the  solar  spots ;  but 
for  detecting  this  several  decennial  periods  will  be  necessary.  The  annual 
variations  are  equally  notable.  The  maximum  velocity  ranges  from  71 
in  1861  to  19  in  1860.  If  the  mean  velocity  for  each  month  be  taken 
without  reference  to  direction,  it  is  13*51  for  January,  4*24  for  June, 
and  that  for  the  whole  year  is  9*73.  A  mode  of  discussion  which  seems 
more  likely  to  give  definite  laws  is  to  resolve  each  velocity  into  a  southern 

VOL.  xxni.  ^  ^ 
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ind  a  western  W,  to  deduco  £rom  these  interpolation  for- 
g  periodic  fimctiona  of  the  time  for  periods  of  one  or  more 
lii  the  cliangos  of  these  functions  in  successive  periods  to 
c'uera!  liiws.     At  lirst  sight  this  might  seem  impraolicable, 
'Bsive  discordance  of  the  values  for  the  same  in  differeut 
in  the  tirst  term  of  the  set,  January  1*  0",  the  extreme 
Hie  Boven  yearq  is,  for  W  :20-89,  for  S  25-35.     Eridentlj 
.-ere  out  of  the  question,  and  even  the  mean  for  the  seTen 
indent  from  esamining  Iheir  probable  errors.     However,  1 
our  for  the  seren  years,  then  combined  these  in  periods  of  ten 
riately  took  their  mean  for  the  entire  month.   These  monthly 
en  in  Table  III.,  from  which  it  appears,  first,  that  all  the 
■s  of  W  and  S  are  poaitive.     This  arises  from  the  pre- 
positive over  negative  values ;  hut  the  latter  occur  so  fre- 
ley  erideiitly  belong  to  the  nind  system  ;  and  I  was  at  first 
can  and  dcvebp  them  separately.     I  tried  it  for  January 
saw  that  in  the  present  state  of  our  knowledge  it  would 
.11  January  the  negative  values  are  0-27  of  the  whole,  in 
iiid  they  are  found  in  the  septennial  means  of  aJmoat  every 
■regularly  distributed  that  it  would  be  almost  impossible  to 
iu  terms  oC  the  time.     Even  were  this  done,  we  could 
II  any  particular  instance  the  negative  and  positive  results 
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A  Table  whose  data  belong  to  dates  separated  by  considerable  intervals 
will  not  give  the  components  generally  without  interpolation.  The  for- 
mula universally  adopted  for  this  when  the  quantities  concerned  are 
periodic  functions  of  the  time-angle  is  that  given  by  Bessel — 

tr=K+A  cos  04-B  cos  2Q  &c.,  +0  sin  0-f.P  sin  20  Ac, 

or  its  secondary  equivalent — 

TJ=K4-Ksin(if  +  O)+Ksin(ic+20)4-  Ac., 

9         0*  '  n  II 

where  6  is  the  hour-angle  from  midnight.  But  as  the  monthly  varia- 
tions must  also  be  represented,  the  coeilicients  of  the  first  equation  must 
be  developed  in  terms  of  ^  (the  time-angle  from  the  beginning  of  the 
year),  and  the  expression  of  each  of  them  multiplied  by  the  corresponding 
cosine  or  sine  of  d.  Bessers  computation  of  the  coefficients  may  be 
much  shortened  where,  as  in  the  cases  before  us,  the  circle  is  divided 
into  2n  equal  parts  (n  being  an  integer),  and  the  first  term  of  the  series 

s=0  or  g- ;  for,  in  consequence  of  the'numerical  equality  of  the  cosine  and 

sine  of  0,  180-1-0,  180—0,  and  360—0,  it  is  only  necessary  to  compute 
for  the  first  quadrant.  Eor  the  horary  sets  this  labour  might  be  short- 
ened by  combining  them  in  groups  of  3 ;  and  the  formula  for  this  is 
given,  but  it  is  not  quite  as  exact  as  the  ordinary  one,  which  is  also 
given.  The  horary  constants  for  W  and  S,  computed  by  this  last,  are 
given  in  Tables  Y .  and  YI.  for  each  month  to  the  fourth  order,  and  an 
estimate  of  their  precision. 

These  constants  are  then  developed  in  month-time,  for  which  the 
formula  is  given.  This,  however,  requires  a  correction;  it  supposes 
each  u  from  which  it  is  deduced  to  belong  to  a  series  of  ^  in  arithme- 
tical progression.  This  is  not  the  case  :  first,  the  mean  of  each  month 
does  not  represent  the  u  belonging  to  the  middle  of  that  month; 
secondly,  the  angular  distances  of  the  middle  of  each  month  from  the 
beginning  of  the  year  are  not  in  arithmetical  progression.  These  are 
both  corrected  by  multiplying  the  constants  by  certain  factors.  The 
secondary  constants  so  corrected  are  given  in  Table  YIII.  to  the  6th 
order. 

As  an  example  of  the  mode  of  tr3ring  what  effect  any  periodical  agent 
may  have  on  the  coordinates,  the  sun's  altitude  at  Armagh  is  considered. 
It  is  developed  in  terms  of  0,  and  may  probably  account  for  0*27  of  the 
variation  of  W  and  0*53  of  that  of  S. 

The  paper  concludes  with  an  attempt  to  show  from  these  observations 
the  existence  of  an  aerial  tide-current,  which,  according  to  Laplace,  is  at 
its  maximum  0*195  mile  per  hour.  There  was  little  hope  of  detecting 
so  smaU  a  quantity ;  but  the  attempt  would  at  least  show  how  far  the 
mean  of  a  large  number  of  observations  may  approach  the  truth.  When 
the  moon  is  east  of  the  meridian  its  attraction  increases  W,  when  west 
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1  without  attempting  to  allow  for  elongation  from  the  eun 
I  merely  compared  the  Wfl  at  the  lunar  Lours  21  and  3, 
only  took  tho  first  six  months,  which  seemed  sufBdent. 
ler  surprised  mo  ;  2418  observations  give  for  the  current 
,  allowing   for  the  omissions  above  mentioned  and  for 
earth's  surface,  must  be  very  near  the  truth.     Among  the 
ro  two  above  40  and  three  above  30 ;  and  it  seemed  worth 
ould  be  the  effect  of  omitting  these  and  all  above  four 
able  error  of  oue.     In  this  ..ase  for  W-W  it  waa  all  above 
It  is  that  2300  observations  give  O-OooO,  showing  how  little 
ble  discordances  affect  n  mean  under  such  circumstances, 
pa  that  even  such  discordances  should  not  be  rejected. 

linary  Notice  of  further  Researches  on  the  Physic^ 
ea  of  Matter  in  the  Liquid  and  Gaseous  States  under 
ondttions  of  Pressure  and  Temperature."      By  Dr. 
a,  F.R.S.,  Vice-President  of  Queen's  College,  Bel&st. 
[June  17,  1875. 

;afion  to  which  this  not«  refers  has  otwupied  me,  ■with  littie 
moe  my  former  communication  in  186!)  to  the  Society,  "  On 
of  1  lu-  Liqui.l  and  Gaseous  States  of  Matter."     It  was  un- 
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under  melted  lud.  Id  this  way  the  &ir  enclosed  within  the  pores  of  the 
leather  is  removed  withoat  the  use  oi  water,  and  a  packing  is  obtained 
BO  perfect  that  it  appears,  as  far  as  my  experience  goes,  never  to  fail, 
provided  it  is  used  in  a  vessel  filled  with  water.  It  is  remarkable,  bow- 
ever,  that  the  same  packing,  when  an  apparatus  specially  conatructed  for 
the  purpose  of  forged  iron  was  fiUed  with  mercury,  always  yielded,  even 
at  a  pressure  of  40  atmospheres,  in  the  course  of  a  few  days. 

It  is  with  r^ret  that  I  am  still  obliged  to  give  the  pressures  in  atmo- 
spheres as  indicated  by  an  air-  or  hydrogen-manometer,  without  attempt- 
ing for  the  present  to  apply  the  corrections  required  to  reduce  them  to 
true  pressures.  The  only  satisfactory  method  of  obtaining  these  correc- 
tions would  be  to  compare  the  indicatjons  of  the  manometer  with  those 
of  a  column  of  mercury  of  the  requisite  length ;  and  this  method,  as  is 
known,  was  employed  by  Arago  and  Dulong,  and  afterwards  in  his 
classical  researches  by  Segnault,  for  pressures  reaching  nearly  to  30 
atmospheres.  For  this  moderate  pressure  a  columu  of  mercury  about 
23  metres,  or  75  feet,  in  length  had  to  be  employed.  For  pressures 
corresponding  to  500  atmospheres,  at  which  I  have  no  difficulty  in  work- 
ing with  my  apparatus,  a  mercurial  column  of  the  enormous  height  of 
380  metres,  or  1250  feet,  would  be  required.  Although  the  mechanical 
difficulties  in  the  construction  of  a  long  tube  for  this  purpose  are  perhaps 
not  insuperable,  it  could  only  be  mounted  in  front  of  some  rare  moun- 
tain escarpment,  where  it  would  be  practically  impossible  to  conduct  a 
long  series  of  delicate  experiments.  About  three  years  ago  I  had  the 
honour  of  submitting  to  the  Council  of  the  Society  a  proposal  for  con- 
structing an  apparatus  which  would  have  enabled  any  pressure  to  be 
measured  by  the  successive  additions  of  the  pressure  of  a  column  of 
mercury  of  a  fixed  length ;  and  working  dranings  of  the  apparatus  were 
prepared  by  Mr.  J.  Gumine,  whose  services  1  am  glad  to  have  again  this 
opportunity  of  acknowledging.  An  unexpected  difSculty,  however,  arose 
in  consequence  of  the  packing  of  the  screws  (as  I  have  already  stated) 
not  holding  when  the  leather  was  in  contact  with  mercury  instead  of 
water,  and  the  apparatus  was  not  conatructed.  For  two  years  the 
problem  appeared,  if  not  theoretically,  to  bo  practically  impossible  of 
solution ;  but  I  am  glad  now  to  be  able  to  announce  to  the  Society  that 
another  method,  simpler  in  principle  and  free  from  the  objections  to 
which  I  have  referred,  has  lately  suggested  itself  to  me,  by  means  of 
which  it  will,  I  fully  expect,  be  possible  to  determine  the  rate  of  com- 
pressibility of  hydrogen  or  other  gas  by  direct  reference  to  the  weight  of  a 
Uquid  column,  or  rather  oE  a  number  of  liquid  columns,  up  to  pressures 
of  500  or  even  1000  atmospheres.  For  the  present  it  must  be  under- 
stood that,  in  stating  the  following  results,  the  pressures  in  atmospheres 
are  deduced  from  the  apparent  compressibility,  in  some  cases  of  air,  in 
others  of  hydrogen  gas,  contained  in  capillary  glass  tubes. 

In  this  notice  I  will  only  refer  to  the  results  of  experiments  upon 
carbonic  acid  gas  when  alone  or  when  mixed  mfti  m^TO?jsn..     \\,Ssi-wift^ 
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ideed,  that  I  have  hitherto  chiefly  worked,  as  it  ia  Bin- 
i|ited  for  experiment ;  and  the  properties  it  exhibit*  will 
_'ir  main  features,  be  found  to  represent  those  of  other- 
at  corresponding  temperatures  below  and  above  their 

>/  Carbonic  Add  Gas.— The  following  results  hare  been 
li  number  of   very  careful  experiments,  and  give,  it  is 

(uefles  for  the  temperatures  staled  : — 
■mpemturea  in                                    Preesure  in 

0                     35-0-1 

5-45             40-44 

11-45              47-04 

ie-92            53-77 

22-22             01-13 

25-39              65-78 

28-30            70-39 

gratified  to  find  that  the  two  results  (for  13°-09  and 

ts.     Oa  the  other  hand,  the  pressures  I  have  found  tun     i 
0  given  by  llegnault  us  the  result  of  his  elaborate  inveati- 
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liqoQ&ction;  but  at  the  higher  temper&toreB,  which  were  condderably 
above  the  critactU  point  of  carbonic  add,  there  was  no  limit  of  thia  kind, 
and  the  pressures  were  carried  as  far  as  223  atmospheres.  I  have  only 
^ven  a  few  of  the  resoltfl ;  but  thej  will  be  sufGcient  to  show  the  general 
effects  of  the  pressure.  In  the  foUomng  Tables  p  designates  the  pressure 
in  afanospberes  as  given  by  the  air-manonieter,  t'  the  temperature  of  the 
carbonic  acid,  ■  the  ratio  of  the  volume  of  the  carbonic  add  under  one  atmo- 
sphere and  at  the  temperature  ''  to  its  volume  under  the  pressure  p'  and 
at  the  some  temperature,  and  9  the  volume  to  which  one  volume  of  carbonic 
add  gas  measured  at  0°  and  760  miUimotres  is  reduced  at  the  pressure^ 
and  temperature  I'. 

Carbonic  Add  at  fl°-7. 


13-22 

6-80 

1 

■      i?3e      ■■ 

0-07143 

20-10 

6-79 

1 

0-04456 

24-81 

6-73 

Wm 

0-03462 

31-06 

6-62 

1 

3fr37 

0-02580 

40-11 

6-59 

1 

0-01754 

Carbonic  Add  at  63°-7. 

J»- 

('. 

e. 

ft 

16-06 

03-97 

\i-m 

0-06931 

54-33 

63-57 

1 

won 

001871 

106-88 

63-75 

1 

I8M 

0-00666 

145-54 

63-70 

1 

0-00378 

222-92 

63-82 

Siili 

0-00277 

Carbonic  Acid  at  100°. 

P- 

e. 

e. 

0. 

16-80 

100-33 

IkS 

0-07914 

63-81 

100-33 

1 

0-02278 

105-69 

100-37 

1 
T3fl 

0-01001 

145-44 

99-46 

5I5fl 

0-00626 

223-57 

99-44 

.    1 

385S 

O-00358 
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fully  coofirm  the  conclusioDB  which  I  formerly  deduced 
Lour  of  carbonic  acid  at  48%  viz.  that  while  the  cuire 
)  volume  under  different  pressures  approiinuitea   more 
jf  a  perfect  gas  aa  the  temperature  is  higher,  the  con- 
■rlheless  greater  than  it  would  be  if  the  law  of  Boyle 
a3t  for  any  temperature  at  which  experijneuta  have  yet 
rom  the  foregoing  cAperiments  it  appears  that  at  63°'7 
as,  under  a  pressure  of  223  atmospheres,  is  reduced  to 
ne  under  one  atmosphere,  or  to  less  than  oue  half  the 
t  to  occupy  if  it  were  a  perfect  gas  aud  contracted  in 
1  Boyle's  taw.     Even  at  100°  the  contraction  under  the 
amounts  to  ^  part  of  the  whole.     From  these  obsei^ 
infer  by  analogy  that  the  critical  points  of  the  greater 
gases  not  hitherto  liquefied  are  probably  far  below  the 
urea  hitherto  attained,  and  that  they  are  not  likely  to  be      1 
liquids  or  solids,  till  much  loner  temperatures  even  than      ! 
by  liquid  nitrous  oxide  arc  reached. 

'.imae.—Thai  the  law  of  Gny-Lussac  in  the  case  of  the 
.tient  gases,  or  in  general  terms  of  gases  greatly  abova 
iiiuts,  holds  good  at  least  at  ordinary  pressures,  within 
Itcrimental  error,  is  highly  probable  from  the  experiments 
ml  the  Results  1  liiive  obtained  with  carbonic  acid  will 

1876.] 


Matter  in  the  Liquid  and  Oaseaus  States. 


519 


Expansion  of  Heat  of  Carbonic  Acid  Ghis  under  high  pressures. 

Temperature. 


Preesure. 

at. 
22-26 

22-26 

22-26 

Freflsure. 

at. 
31-06 

31-06 

31-06 

Preesure. 

at. 
40-06 

40-06 

•40-06 


Vol.  COj  at  0°  &      VoL  COj  at  Q^m 
760  mimm8.=l.         &  22*26  at.=l. 


0-03934 
0-05183 
0-05909 


• . .  • 


1-0000 
1-3175 
1-5020 


• . .  • 


6-05 
63 
100 


•05] 

•79  y  . 

•10  J 


(A) 


Vol.  CO.  at  Qo  &      Vol.  CO.  at  60-62 
760  inilfim8.=l.        &  31  06  at.«l. 


0-02589 
0-03600 
0-04160 


•  •  •  • 


•  •  •  • 


1-0000 
1-3905 
1-6068 


Vol.  COj  at  0°  &      Vol.  C0„  at  6O-01 
760 miUjms. « 1.        &  4006  at.  =  1. 


•  •  .  • 


. .  .  • 


0-01744 
0-02697 
0-03161 


1-0000 
1-5464 
1-8123 


Temperature. 

6'G2 

63-83 

100-64 


Temperature. 

6-01 

63-64 

100-60 


(B) 


(C) 


Taking  as  unit  1  vol.  of  carbonic  acid  at  6°-05  and  22-26  atmospheres, 
we  obtain  from  series  A  the  following  values  for  the  coefEcient  of  heat 
for  different  ranges  of  temperature  : — 

a=0-005499  from    6°-05  to    63*^-79. 
«=:0-005081  from  63^-79  to  100°-1. 

From  series  B,  with  the  corresponding  unit  volume  at  6°-62  and  31-06 
atmospheres,  we  find : — 

a=0-006826  from    6<'-62  to    63*^-83. 
a=0-005876  from  63°-83  to  100°-64. 

And  in  like  manner  from  series  C  with  the  unit  volume  at  6°-01  and 
40-06  atmospheres : — 

a =0-009481  from    6°-01  to    63°-64. 
a=0-007194  from  63^-64  to  100*^-60. 

The  coefficient  of  carbonic  acid  under  one  atmosphere  referred  to  a 

unit  volume  at  6^  is 

a=0-003629. 

From  these  experiments  it  appears  that  the  coefficient  of  expansion 
increases  rapidly  with  the  pressure.  Between  the  temperatures  of  6° 
and  64*^  it  is  once  and  a  half  as  great  under  22  atmospheres,  and  more 
than  two  and  a  half  times  as  great  under  40  atmospheres,  as  at  the 
pressure  of  1  atmosphere.  Still  more  important  is  the  change  in  the  value 
of  the  coefficient  at  different  parts  of  the  thermometric  scale,  the  pressure 
remaining  the  same.  An  inspection  of  the  figures  will  also  show  that  this 
change  of  value  at  different  temperatures  increases  with  the  ^r^f^%\>s^. 


d 

^^^^H 

^^^^^^^^H 

l^^^^^l 

^^^^^^^^^^H 
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eresting  question,  and  one  of  great  importance  in  reference 
molecular  jiction,  ia  the  relation  between  the  ©laslii:  f  orc-ea  of 
ent  temperatures  while  the  volume  remabs  constant.     The 
hich  I  hare  made  in  this  part  of  the  iiiquirj-  are  only  pre- 
wero  performed  not  with  pure  carbouie  acid,  but  with  a 
out  11  voIumeB  of  cni'bouic  acid  and  1  volume  of  air.     It 
lient,  for  the  Bake  of  compariaon,  to  calculate,  as  is  usually 
ea  of  a  from  these  experiments ;  but  it  must  be  rememberwi 
jresente  no  longer  a  eoeflleieut  of  yoliuno,  but  a  coefUcieiit 

of  a  mixture  of  11  toI.  CO,  and  1  vol.  air  heated  under 

a  constant  volume  to  different  temperatures. 

13-70          ....          22-90 

40-63         ....         25-74     .    •    (A) 

99-73          ....          31-65 

13-70          ....          31-lS 

40-66         ....         35'44     •    ■    (B) 

09-75          ,...          44-29. 

■ 
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How  far  this  relation  will  be  found  to  exist  under  other  conditions  of 
temperature  and  pressure  will  appear  when  experiments  now  in  progress 
are  brought  to  a  conclusion. 

Law  of  Dalton, — This  law,  as  originally  enunciated  by  it«  author,  is, 
that  the  particles  of  one  gas  possess  no  repulsive  or  attractive  power  with 
regard  to  the  particles  of  another.  **  Oxygen  gas,"  he  states,  "  azotic 
gas,  hydrogenous  gas,  carbonic  acid  gas,  aqueous  vapour,  and  probably 
several  other  elastic  fluids  may  exist  in  company  under  any  pressure  and 
at  any  temperature  without  any  regard  to  their  specific  gravities,  and 
without  any  pressure  upon  one  another."  The  experiments  which  I  have 
made  on  mixtures  of  carbonic  acid  and  nitrogen  have  occupied  a  larger 
portion  of  time  than  all  I  have  yet  referred  to.  They  have  been  carried 
to  the  great  pressure  of  283*9  atmospheres,  as  measured  in  glass  tubes 
by  a  hydrogen  manometer,  at  which  pressure  a  mixture  of  3  volumes 
carbonic  acid  and  4  volumes  nitrogen  was  reduced  at  7°*6  to  ^-f^  of  its 
volume  without  liquefaction  of  the  carbonic  acid.  As  this  note  has 
already  extended  to  an  unusual  length,  I  will  not  now  attempt  to  give 
an  analysis  of  these  experiments,  but  shall  briefly  state  their  general 
results.  The  most  important  of  these  results  is  the  lowering  of  Hie 
critical  point  hy  admixture  with  a  non-condemahle  gas.  Thus  in  the 
mixture  mentioned  above  of  carbonic  add  and  nitrogen,  no  liquid  was 
formed  at  any  pressure  till  the  temperature  was  reduced  below  —20''  C. 
Even  the  addition  of  only  -j^-  of  its  volume  of  air  or  nitrogen  to  car- 
bonic acid  gas  will  lower  the  critical  point  several  degrees.  Finally, 
these  experiments  leave  no  doubt  that  the  law  of  Dalton  entirely  fails 
under  high  pressures,  where  one  of  the  gases  is  at  a  temperature  not 
greatly  above  its  critical  point.  The  anomalies  observed  in  the  tension 
of  the  vapour  of  water  when  alone  and  when  mixed  with  air  find  their 
real  explanation  in  the  fact  that  the  law  of  Dalton  is  only  approximately 
true  in  the  case  of  mixtures  of  air  and  aqueous  vapour  at  the  ordinary 
pressure  and  temperature  of  the  atmosphere,  and  do  not  depend,  as  has 
been  alleged,  on  any  disturbing  influence  produced  by  a  hygroscopic 
action  of  the  sides  of  the  containing  vessel.  The  law  of  Dalton,  in 
short,  like  the  laws  of  Boyle  and  Gay-Lussac,  only  holds  good  in  the 
case  of  gaseous  bodies  which  are  at  feeble  pressures  and  at  temperatures 
greatly  above  their  critical  points.  Under  other  conditions  these  laws 
are  interfered  with ;  and  in  certain  conditions  (such  as  some  of  those 
described  in  this  note)  the  interfering  causes  become  so  powerful  as 
practically  to  efface  them. 
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c   Power   of   the  Eye   and    the   Microscope   to  see 
Lines."     By  J.  A.  Bhoun,  F.R.S.     Received  June 

inparative  powers  o£  microscopea,  several  curious  speoula- 
u  made  and  conclusions  arrived  at  by  difFereJit  well-known 

as  to  the  ultimate  capability  of  that  instrument  and 
he  ultimate  atoms  of  matter.  The  lines  in  Nobcrts 
:re  belicTod  to  approach  to  each  other  in  a  regularly  diini- 
1  of  distances,  such  that  when  the  intervals  left  by  the 

were  about  hXooo  °^  '^  English  inch  wide,  no  niicro- 
r  high  the  theoretical  power,  could  show  the  separation  of 

f  the  Great  Exhibition  of  1851,  in  the  Eeport  (p.  268),  said 
!  lines  in  the  first  and  second  bonds  of  a  Nobert'a  tost-plate 
power  of  100  was  sufficient,  whereas  to  distinguish  those 
band  a  magnifying -power  of  2000  was  required.     Dr. 
is  Museum  of  Science  and  Art)  considered  this  itssertiun 
d  stated  that  if  a  power  of  100  oou]d  show  the  lines  when 
1,000  to  the  inch  (as  in  the  first  baud),  a  power  of  450 
the  lines  when  Ihr^re  were  60,000  to  the  iuch  (as  in  the 
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fied  phob^npha  of  Nobeif  s  teat-bonds  by  Dr.  B.  Carter,  Sui^eon  of  the 
tJ.S.  Army.  The  results  of  this  examinatioii  will  be  given  at  the  end  of 
this  note. 

Z  was  induced  meanwhile  to  examine  the  power  of  the  eye,  in  order  to 
compare  it  with  the  power  of  the  microacope,  and  to  determine  what  a 
microscope  of  given  power  should  be  able  to  show.  The  following  obser- 
vationa  had  been  made  early  in  1869,  before  I  was  acquainted  with  the 
obaerrationa  of  Dr.  Jurin  and  of  Tobtaa  Mayer,  to  which  I  ahall  allude. 

The  first  question  which  presented  itaelf  was  aa  to  the  power  of  the 
eye  to  see  single  lines  under  the  ordinary  illumination  of  a  northern  sky. 

lit  obiervatitm. — A  black  line  0'042  inch  wide,  1"75  inch  long,  drawn 
with  common  writing-ink  on  white  paper,  and  a  white  line  of  the  same 
width  and  length  between  two  block  lines,  each  020  inch  wide,  were  seen 
equally  well  within  a  room  lighted  by  a  window  to  K.W.  at  a  distance  of 
30  feet,  the  angle  subtended  by  the  width  of  the  lines  being  24*  nearly, 

2«d  obiervation. — A|dark-brown  hair,  0-0026  inch  wide,  2-5  inches  long, 
was  fixed  by  dots  of  transparent  gum-arabic  to  the  window-pane,  and 
was  seen  against  the  N.W.  sky  by  a  young  eye  at  36  feet  (I  could 
not  see  it  myself  at  a  greater  distance  than  30  feet) :  the  diameter  of 
the  biur  subtended  an  angle  of  1"'24  at  the  eye.  The  same  eye  exa- 
mined fine  lines  divided  on  glass  at  a  distence  of  6  inches,  and,  other 
things  equal,  should  have  been  able  to  see  a  line  ^y '^  ^—  inch  wide  at 
that  distance.  [June  5,  1S75.  I  find  that  a  young  eye  can  see  lines  on 
glass  j.^l^^^  inch  wide,  ^  inch  long,  angle  3"'5  nearly.] 

Dr.  Jurin  could  see  a  silver  wire  -^^  inch  diameter  placed  on  white 
paper  when  the  diameter  subt«nded  an  angle  of  3"-5,  and  a  silk  fibre  one 
fourth  the  diameter  of  the  wire  when  it  subtended.an  angle  of  3"-35*. 

3rd  observalioH. — Whether  the  length  of  the  line  affects  its  visibility. 
The  hair  just  observed  was  cut  into  pieces  of  different  lengths  and  fixed, 
as  before,  to  the  window-pane;  they  could  be  seen  at  the  i 
distences :— 


Length 

of  hair. 

Distance 

Angia  lubUnded  bf 

Diameter. 

Length. 

090' 

f«t. 
37 

1^21 

4l3 

0-25 

32 

Iffi) 

134 

o-isa 

22 

203 

104 

0<I20 

10 

4-4G 

sc 

*  Sm  Jorin's  emay  on  diitinct  and  indUliact  viaion  in  Smith's  '  Complete  Sjitem  of 
Optialu,'  1738.  I  am  acqnjuDted  with  Jurin's  □bwrvUiont  from  the  Ber.  father 
Faieaoa'i  tnuulatioa  of  Smith's  work, '  Cotui  oomplet  d'OpUquo,'  1767,  p.  28S. 
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I  inch  long  was  one  foot  further  off  than  that  2-5  inch  long 
Heeeding  (2tid  observation).     The  difference  was  due,  partly 
It'  different  light  of  the  sky. 

—The  previoug  ohaervation  shows  that  the  line  is  seen 

iListance  as  tho  length  increases  tiU  a  limiting  angle  is  at- 

1\  hich  increase  of  length  has  no  effect  on  the  I'isibility.     The 

[■valions  were  made  to  determine  appro xiniately  the  U"' 

isibility  to  length, 

■ifrent  lengths,  0-045  inch  wide,  were  drawn  on  different 

Ipnper  (5'8  by  4-5  inches);  the  papers  were  pinned  Bucces- 

ii)k  placed  vertically  iu  the  shade  (out  of  doors)  with  a  clear 

P.M.);  the  mean  distance  of  difiappearaneo  on  retiring  and 

on  approaching  the  lines  was  taken. 


gth. 

Dietnnce 

Angle  subtended  by 

.^/3. 

Length 
/J. 

Width  a. 

Oba^od. 

'4.'. 

"ii 

(12 
iHi 

11-4 
0-2 

2(i-4 

11-2 

113 

m 

43 
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&A  cinervtaion. — Four  dark-brown  hairs  having  been  arranged  on  paper 
at  equ^  intonrals  by  means  of  modeller's  wax  att4idied  to  the  ends,  and  then 
fixed  at  the  ends  with  gum-arabic,  the  paper  was  cut  away  between  the 
ends,  and  the  two  slips  of  paper  to  which  the  ends  were  gummed  were 
fixed  to  the  window-pane  i  the  diameter  of  the  hairs  was  j^  inch 
(0-00267)  very  nearly,  the  lengths  were  nearly  1  inch,  and  the  intenals 
were  rery  nearly  the  same  as  the  diameter  of  the  hair,  the  whole  width 
being  O'OIO  inch.  The  hairs  could  be  seen  to  bo  more  than  one  at  28 
inches  distance,  and  they  could  be  counted  at  21  inches ;  the  angles  sub- 
t«nded  by  the  intervals  at  these  distances  were  20"  and  26"-5  respectively. 

It  thus  appears  that  at  a  distance  greater  than  28  inches  the  four 
hairs  appeared  as  one,  when  each  hair  subtended  an  angle  sixteen 
times  greater  than  it  could  be  obser^'ed  at  when  seen  alone  (see  the  3rd 
observation).  This  curious  fact  was  pointed  out  by  Dr.  Jurin  in  the 
essay  already  cited.  He  found  when  two  pins  were  placed  near  to  each 
other  on  a  window,  that  the  interval  between  them  could  not  be  perceived 
when  it  subtended  an  angle  of  40",  whereas  a  single  pin  could  be 
seen  at  an  angle  of  from  2  to  3  seconds.  Mayer,  who  also  made  ob- 
servations on  parallel  lines  nearly  twenty  years  after  Jurin,  does  not 
seem  to  have  remarked  this  fact*. 

The  5th  observation  was  repeated  mth  four  white  hairs  from  a  horse's 
tail ;  these  were  arranged  at  equal  intervals,  the  mean  diameter  of  the 
hair  being  0-0105  and  the  mean  intenal  O-OIIO  inch.  The  hairs  could 
be  seen  to  be  more  than  one  0  feet  distant,  when  the  angle  subtended 
by  each  hair  was  23"'l ;  and  the  hairs  could  be  counted  at  6  feet  dis- 
tant, when  the  angle  was  30"' 7.  These  angles  are  about  one  sixth  greater 
than  for  the  human  hairs,  the  difference  being  probably  due  to  the  differ- 
ence of  light,  and  perhaps  partly  to  the  different  length,  which  was  not 
noted  t. 

6tA  observation. — A  series  of  lines  0'7  inch  long  were  drawn  on  Bepi^ 
rate  slips  of  paper  mth  different  widths  and  inter^-als.  The  papers  were 
fixed  successively  to  the  wall  of  a  room  lighted  by  a  window  to  N.'W",, 
the  light  falting  at  an  angle  of  about  45°  on  the  paper.  The  following 
Table  contains  the  results  of  the  observations,  first,  when  the  inten'als 
and  lines  were  of  equal  width,  and,  second,  when  the  intervals  were  1,  2, 
3, . . .  times  the  width  of  the  lines. 

*  Majer'a  observatioDS  ore  given  !□  Pczenaa's  tranalatlon  of  Smith's  '  Optics,'  t.  ii. 
p,  409.  I  am  not  aoquaintod  with  the  original  memoir.  As  alreadj  stattd,  Jurin's 
and  Major's  obsaiVBtioiu  irero  known  to  moonlj  after  the  above  ob«ervik(iotish«d  been 

t  Dr.  Jurin  hu  given,  m  an  example  of  the  difflcultjr  of  counling  parallel  linea,  Uie 
foUowing  Miiea; — 

lllllllllll 

tnplojing  (H 
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•.id  intcrmlB  equoL 

XioM  And  iatervols  uneqaal. 

Widlh  of 

Angle. 

.-Angle. 

Lines. 

,     feel. 

in 

in 

feet. 

8-3 

44 

OWl 

O021 

e-5 

M 

15-5 

40 

0-045 

0K)79 

21-7 

36-0 

250 

50 

o-ow 

0-121 

28'5 

260 

36-7 

55 

0-0*4 

0-104 

340 

220 

,    47-5 

59 

0044 

0-203 

3i)-0 

194 

0-OJ5 

0-241 

405 

19fl 

1 

0-044 

0-477 

55-5 

135 

s  and  iutervala  were  equaJ,  tlio  angle  increased  from  the 
nch)  to  the  largest  (O-lQi  inch)  ;  the  greater  angle  for 

■Ith  {0-081)  is  probably  connected  with  some  irregularity  in 
e  of  the  angle  at  the  greater  distance  is  probablj 

I  the  constancy  o£  the  length  of  the  lines  (see  8th  obser- 

8  and  intorralH  are  unequal,  tho  angle  subtended  by  the 
Jiio  diminishes  as  the  interval  increases ;  tho  limiting  uigle 
b  n  single  line  (J-IO  inch  long  and  Q'OH  iacli  wide 


V  sought  to  deter 


J  what  degree  the 
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lines.  On  the  ofcher  hand,  the  tint  may  be  made  so  faint  as  to  be  imper- 
ceptible at  6  inches  (the  distance  for  a  young  eye  of  faint  or  small  objects). 
The  preceding  observations  are  represented  nearly  by  the  following 
formula : — 

-'«=r56^' <"> 

where  a  is  the  smallest  angle  (in  seconds)  at  which  the  separation  of  the 
lines  was  visible,  and  t  is  the  tint  or  number  of  the  coats  of  watered  ink. 
The  calculated  values  are  given  in  the  Table. 

When  <=4^  (of  the  first  tint)  the  lines,  according  to  the  formula, 
should  have  been  just  visible  at  8  inches  from  the  eye,  or  a  weaker  shade 
on  white  paper  than  that  made  by  one  drop  of  the  first  tint  with  forty-six 
drops  of  water  could  not  have  been  seen.  On  the  other  hand,  when 
«=12,  the  difference  of  the  angle  of  visibility  from  that  for  absolute  black- 
ness is  only  0"'l,  The  constants  in  this  and  the  other  formula  will 
depend  of  course  on  various  circumstances  of  illumination,  the  state  of 
the  individual  eye,  <&c. 

Mayer  made  a  series  of  observations  with  several  parallel  lines  drawn 
with  China  ink  on  white  paper  (well  stretched),  the  vndth  of  the  lines  and 
intervals  in  one  case  being  0*032  of  an  English  inch  (0-36  de  ligne). 
These  lines  he  could  perceive  to  be  several  at  11  feet  {pieds  de  Boi)  dis- 
tance with  the  light  from  an  open  window  to  north,  or  when  the  angle 
subtended  by  the  interval  was  47".  Ho  then  made  observations  with  the 
same  lines  lighted  by  a  wax  candle  placed  at  different  distances  from 
them. 

I  give  Mayer's  observations  for  this  set  of  lines  here  for  comparison 
with  the  preceding  results  for  different  tints. 


Angle  a,  calculated  bj 

D. 

d. 

a. 
Obserred. 

(3). 

Error. 

(5). 

Error. 

(6). 

Error. 

feet 
7-47 

feet. 
0-5 

69 

63 

-'6 

n 

m 

-3 

69 

'6 

6-63 

10 

79 

79 

0 

78 

0 

79 

0 

6-73 

2-0 

90 

99 

+  9 

96 

+6 

92 

+2 

4-73 

30 

109 

114 

+  5 

108 

-1 

103 

-6 

4-48 

4-0 

115 

125 

+  10 

118 

+3 

112 

-3 

351 

80 

147 

158 

+  11 

146 

-1 

141 

-6 

300 

130 

172 

185 

+  15 

172 

0 

172 

0 

Mayer  considered  that  he  explained  his  result  by  supposing  the  limit- 
ing angle  (a)  of  distinct  vision  to  be  as  the  cube  root  of  the  distance  of 
the  candle  from  the  paper,  or 

a=79^c/, (3) 

where  a  is  in  seconds  and  f Z  is  in  pieds  de  Jioi.     He  also  arrived  at  the 
following  curious  conclusion.     Since  the  limiting  value  of  a  for  the 
VOL.  xxm.  2  a 
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full  daylight  was  47",  by  aubBtituiing  this  value  in  equation 
(?=0-2  foot ;  and  "  we  may  couclude,"  he  says,  "  that  the 
as  Btroiig  na  that  of  a  candle  at  one  iifth  of  a  foot  from  ttc 
equenlly  if  we  wish  to  tight  an  objeut  with  a  candle  as 
-  would  be  by  daylight  [and  even  by  strong  sunlight,  as 
,  we  must  employ  twenty-five  lighted  candles  placed  at  a 
9  foot  from  the  object "  • ! 

■'s  formula  been  an  esact  representation  of  the  obserratioiis, 
t  concluded  that  the  eye  could  separate  parallel  linea  as  well 
Ive  candles  at  one  foot  distance  as  with  full  sunlight ;  but  it 

A-u  cijuation  of  the  form  given  by  Mayer  which  best  repre- 
irvations  is  found  by  least  squares  to  bo 

a=7"-6  (i"' ! (4) 

nils  when  d  is  small.    The  following  equation  best  reprt- 
observ-alious,  including  that  for  daylight; — 

0-47=25  ./d+SO  log  (rf+0'9) (5) 

),  a=48"'3.     The  errors  of  this  equation  are  giTen  in  the 
lie.     But  it  vrUl  be  seen  here  also,  from  the  distances  D  of 
which  I  have  calculat-ed  from  the  angles  given  by  Wayerl, 
IP  distancPH  •!  of  the  caudle  increase  in  a  t;wmetn''nl  ;>ro- 
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the  lines  receives  no  improyement  in  the  first  case  by  any  increase  of  depth 
of  tint  of  the  lines  beyond  a  certain  feeble  shade,  nor  in  the  second 
(Mayer's)  case  by  any  increase  of  the  illumination  of  both  lines  and  spaces 
beyond  that  of  a  candle  held  near. 

Sth  observation. — ^It  was  sought  whether  the  visibility  of  parallel  lines 
increased  with  their  length,  as  in  the  case  of  single  lines.  Four  long 
parallel  lines  having  been  drawn,  of  the  width  and  at  the  interval  of 
0*048  inch,  on  a  sheet  of  white  paper,  this  was  pinned,  as  before,  to  a 
smooth  plank  and  placed  in  the  open  air  in  the  shade  (before  sunset) ; 
the  lines  were  covered  by  a  sheet  of  the  same  paper  so  as  to  show  variable 
lengths.     The  following  Table  contains  the  results  of  the  observations : — 


/. 

D. 

a. 

(7). 

Errors. 

P- 

in. 
0-4 

ft.  in. 
16    8 

49-5 

49-5 

'6o 

4li' 

08 

17    4 

47-6 

47-4 

-0-2 

794 

1-6 

18    5 

44-8 

45-5 

+0-7 

1490 

3-2 

18  10 

43-8 

43-8 

00 

2<,)21 

6-4 

19    5 

42-5 

421 

-0-4 

mcA 

D  is  the  distance  of  the  observer,  I  the  length  of  the  lines,  /J  is  the 
angle  subtended  by  the  length  at  the  eye  of  the  observer ;  a,  the  angle  sub- 
tended by  the  width  of  the  lines,  is  represented  nearly  by  the  following 
formula : — 

^^^  (7) 


a  = 


logZ+4-53' 

where  I,  the  length  of  the  lines,  is  expressed  in  units  of  0*001  inch.  The 
variation  of  the  angle  is  comparatively  small  in  this  case.  The  law  of 
variation  of  a  seems  to  change  when  the  length  of  the  lines  becomes  less 
than  the  width  of  the  whole. 

dih  observation. — ^The  following  observations  were  made  with  short 
parallel  lines  drawn  separately  on  the  same  sheet,  with  the  same  width  of 
intervals  and  lines  as  in  the  last  case : — 


/. 

D. 

a. 

(8). 

Errors, 

^. 

in. 
0-40 

in. 
204 

^8-6 

4^0 

-'()-6 

40i 

359 

0-20 

186 

53-2 

53-5 

4-0-3 

222 

322 

010 

168 

58-9 

60-6 

-I-1-7 

123 

293 

005 

144 

,68-8 

09-9 

+  11 

72 

286 

0026 

120 

'82-5 

82-5 

00 

43 

289 

0O12 

96 

« 

1031 

1010 

-21 

26 

306 

The  observations  are  represented  nearly  by  the  equation 

logZ+0-27. ^^ 

It  will  be  seen  thatthe  angle  a  increases  rapidly  as  the  length  dimi- 
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a  other  hand,  /3,  the  angle  subtended  by  the  length  of  the 
es  much  more  rapidly.     In  this  case,  as  in  that  of  the  4th 
,-e  find  a  and  /J  are  connected  nearly  by  the  following 

as//3=con8tant (9) 

liwn.— The  long  parallel  linea  were  seen  by  different  per- 
,ter  distance  when  inchned  to  the  horiswiital  by  an  angle  of 
ow  it  to  the  right  and  above  it  to  the  left,  but  the  risi- 
t  different  angles  for  different  persona. 
itwi. — Turin's  obserrationa  of  the  difference  of  risibility  of 
and  a  single  line  had  reference  to  the  case  of  _only  two  black 
fhife  line  between.     On  comparing  Ihe  distances  at  whioh 
could  be  seen  0-*  inch  long  and  of  the  sanic  width  and 
fore  (0-048  inch),  it  was  found  that  it  was  moat  difficult  lo 
ines  when  there  were  only  two.     The  following  aro  the  ob- 
de:— 

Kumbcr  of  lines.                    D.                        a. 

2 13  4                   f)2 
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from  bands  near  the  middle  of  the  photographs,  there  could  be  no  doubt 
whether  the  hue  was  a  fringe  or  not. 
Ihe  following  Table  contuos  the  results  of  these  obserrations : — 

Measures  of  Robert's  Teat-lines. 


Number 

Width  0 

Balio. 

lioM. 

Line. 

Spue. 

Bund. 

Lino. 

SpnCM. 

Both. 

7 

58-67 

553 

35,000 

17,040 

11.400 

I'OO 

ir. 

10 

3510 

23  00 

5C0 

28^)00 

43,450 

1'68 

nx. 

13 

37-85 

14-95 

553 

35,010 

67,340 

S3,420 

2-11 

IV. 

15 

1913 

15-57 

605 

62,270 

64,230 

i».820 

3-10 

V. 

17 

14-10 

15-20 

480 

71,430 

94.250 

3-87 

20 

11-65 

66,580 

3».290 

23 

12-64 

U-14 

70.110 

46.910 

10-71 

475 

114.810 

IX. 

28 

7-47 

0  93 

478 

133.870 

100,700 

57,470 

X, 

30 

811 

7-44 

40O 

123,300 

134,410 

64,310 

7'25 

31 

810 

G-90 

500 

123,300 

144.030 

66,670 

7-25 

6-81 

7-28 

503 

i4a,Mo 

137,360 

70,i>70 

8-08 

fl(Ki 

GOO 

151,000 

106.670 

79,240 

8-80 

XIV. 

43 

6O0 

6-00 

160.670 

166,670 

83,330 

9-81 

XV. 

45 

6-56 

5-5e 

495 

179,860 

179,860 

89,930 

10-50 

(40) 
(40) 

x\-n. 

6031 
1513 

77,880 

(40) 

511 
540 

79,240 

XIX. 

75,760? 

1 

Sefa.—Theaa  meanirei  are  frequentlj  mere  ippToiiDiitianR ;  and  in  KVeral  bands 
the  graTing-point  hi*  made  a  wonderful  approach  to  an  equalitj  of  width  of  linea  and 
■pacca;  indeed  these  lines  are  marrela  of  mechanical  ikill.  If,  in  the  case  of  each  lend, 
Hie  first  and  last  lines  had  been  drawn  longer  Umn  tlie  rest,  it  would  hare  been  poe- 
■ible  to  measure  the  width  of  a  line  with  considerBble  accuracy,  since,  as  ha£  been  dionti, 
the  visibilttj  of  a  single  line  is  nearly  twenty  times  that  tor  the  series. 

The  widths  of  the  lines  and  spaces  are  tliaee  t&ken  froni  tbe  photographs,  the  unit 
being  ^_L.  inch.  The  photographs  are  nagnifled  to  lOOOtimes.  In  bands  XVIL  and 
XVill.  second  measures  are  given  from  photographs  magnifjing  to  1600  Itmea  (bul  re- 
duoedtolhesameonit).  The  nomberuflineB  in  ()  are  thenumberscounCed  for  which  the 
total  width  was  measured.  Thenumber  for  theXIX.thisdeducedfromthemeasureofa 
few  where  the  lines  were  most  distinct.  The  numbers  of  lines  and  spaces  to  an  inch 
are  the  numbers  which  could  lie  put  in  an  inch  laid  side  by  side  (without  intcrrol). 
Under  "Both"  iegiTentJienumberoflinesto  the  inch  (with  interspace*),  as  in  theliands. 
The"Batio"  is  that  of  the  number  for  the  widest  apace  (17,000  to  the  inch)  to  thenumber 
for  the  wideat  line  or  apace  in  the  following  hands. 

It  will  be  seen  that  the  least  width  of  the  lines  which  can  be  counted  and 
measured  on  the  photographs  is  about  f  o  u^o-o-o  of  "Ji  inch  (XUI.f  h  band). 
We  have  seen  (5th  observation)  that  dark  parallel  linea  on  gtnas  eon  bo 
seen  with  transmitted  light  wheu  their  width  subtends  an  angle  of  20"  to 
26";  so  that  lines  stopping  the  light  moderately  (7th  obsenation)  of  Yao^F'T' 
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lo  should  be  eeea  with  a  power  of  125,  and  counted  with  s 

the  distance  for  the  unaided  eye  being  considored  8  inches). 
-ever,  obviously  in  the  high  bands  to  include  the  case  of  oh- 
10  lines  on  the  (ihotographa  being  exoeaaively  faint.     "Wlien 
i  fiict  (a  most  important  one  when  such  lines  are  supposed 
aeasuro  of  the  power  of  the  microscope)  that  it  appears  that 

le  diminished  pressure  of  Mr.  Nobert's  maohinG  without 
jint  sliding  into  proooua  grooves,  we  have  a  eufBeient  ei- 
■  the  power  of  the  microscope  cannot  be  measured  by  those 

ng  are  the  conclusions  of  this  note  :— 
ines  can  bo  seeu  by  the  naked  eye  with  transmitted  light 
vhich  Hubteuda  an  angle  of  about  1"  (2nd  observation), 
the  visibility  of  a  line,  or  the  diBtauce  at  which  it  can  be  seen, 

nd  the  cube  root  of  that  subteudod  by  the  length  being  neorjf 

observation), 

parallel  lines  could  be  bmu  by  trausmitted  light  when  the 

by  the  width  of  the  spaces  and  intervals  w»s  20"  (5tb  (^ 

sibility  of  Jinea  of  the  same  width  increases  as  the  diatanw 
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XI.  '^  On  the  Change  produced  by  Magnetization  in  the  Electrical 
Resistance  of  Iron  and  Steel. — ^Preliminary  Notice/'  By 
Professor  W.  Q*  Abams^  P.R.S.      Received  June  1,  1875. 

For  some  time  past  Mr.  Herbert  Tomlinson,  Demonstrator  in  the  Phy- 
sical Laboratory  of  King's  College,  has  been  engaged  in  carrying  out  a 
series  of  experiments  on  this  subject,  and  i^so  on  the  effect  of  chuige  of 
tension  on  the  electrical  resistance  of  steel  and  iron  wires. 

In  measuring  the  resistances  of  the  short  lengths  of  the  wires  or  rods 
which  were  employed,  a  unit  was  chosen  which  was  a  small  fraction  of 
the  British-Association  unit. 

Experiments  were  made  with  rods  of  soft  iron  about  one  eighth  of  an 
inch  thick,  with  soft  steel,  and  also  with  steel  of  different  degrees  of 
hardness. 

With  a  rod  of  soft  iron  about  3  feet  long  there  was  an  increase  of  re- 
sistance of  about  1  per  cent,  on  magnetizing  with  two  Grove's  cells.  The 
whole  resistance  of  this  rod  was  32  units. 

The  experiments  were  repeated  with  the  rod  placed  in  ice  and  also  in 
water  at  the  ordinary  temperature  (about  15°  C),  and  with  nearly  the 
same  change  in  the  resistance  of  the  rod.  The  change  in  the  tempera- 
ture of  the  water  was  found  to  be  about  1°  C.  during  the  experiment. 

Another  rod  of  soft  iron  was  employed  whose  resistance  was  60  units. 
The  magnetizing  current  was  measured  by  means  of  a  tangent-galvano- 
meter, and  the  resistance  was  measured  by  means  of  Wheatstone's  bridge. 
There  was  found  to  be  an  increase  in  the  resistance  of  the  rod  when  it 
was  converted  into  a  magnet  by  sending  the  magnetizing  current  through 
a  wire  which  was  coiled  round  it  in  the  form  of  a  spiral. 

It  was  found  that  the  electrical  resistance  was  increased  when  any  ad- 
dition was  made  to  the  strength  of  the  magnetizing  current.  When  the 
increase  in  the  electrical  resistance  was  divided  by  the  square  of  the 
strength  of  the  magnetizing  current,  a  series  of  numbers  was  obtained 
which  did  not  differ  much  from  one  another  ;  the  values  of  these  num- 
bers mostly  lie  between  3  and  4. 

When  the  magnetizing  current  is  considerably  increased,  the  ratio  of 
the  increase  in  the  resistance  to  the  square  of  the  magnetizing  current 
diminishes  rather  rapidly. 

A  similar  series  of  experiments  was  made  with  a  thick  knitting-needle 
made  of  soft  steel.  The  resistance  of  the  needle  was  29  units.  In  this 
case  also  the  resistance  was  found  to  increase  when  the  strength  of  the 
magnetizing  current  was  increased.  On  dividing  the  increase  of  resist- 
ance by  the  square  of  the  magnetizing  current,  the  numbers  obtained 
from  a  considerable  number  of  experiments  lie  between  4*7  and  b'^y 
showing  that  the  ratio  of  the  increase  of  resistance  to  the  square  of 
the  magnetizing  current  is  very  nearly  constant. 
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aingnetizing  current  is  considerably  increased,  this  mtio  is 

lish,  just  &a  ill  the  case  of  soft  iron, 

utls  of  hunl  eteel  were  tried. 

inary  knitting-needle,  of  which  the  resistance  was  66'5 

zing  with  currenls  of  different  strengths,  there  was  found 
tion  in  the  resistance;  and  it  was  also  found  that  the  diminu- 
ice  iucreaaed  when  the  strength  of  the  current  was  increased. 
s  varying    from  taulS"  to   tan  54°   30'  the  diminution 
-33,  i.  e.  about  6'5  per  cent,  of  the  whole  resistance.     The 
icreaitd  about  2°  C.  during  the  experiment. 
Iio  loss  of   resiBtnnce  by  the  square  of  the  magnetidng 
results  of  four  sets  of   eiperimenta    gave  the  following 

■ICo     _2.2j 

2-3225       _,..,,, 

iOiaitf  say        ■ 

4-330        _ 

(t!iu54"30'>' 
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current  there  was  foimd  to  be  also  a  dimuiution  of  reaistuice  in  the  case 
of  hard  Bteel,  and  an  increase  of  resistance  in  the  case  of  soft  iron  and 
soft  steel. 

Thus  the  eSeote  produced  are  the  same  as  those  due  to  transTerse 
magnetisation  by  a  neighbouring  current. 

Conclusions  to  be  drawn  from  the  experiments : — 

(1)  The  effect  of  passing  any  current  through  a  bar  of  hard  steel  is  to 
diminish  its  resistance,  and  through  a  bar  of  soft  iron  or  soft  steel  is  to 
increase  its  resistance. 

(2)  When  a  bar  of  hard  steel  is  magnetized  by  sending  a  current  through 
a  coil  which  encloses  it,  there  is  a  diminution  of  resistance  which  is 
directly  proportional  to  the  square  of  the  magnetizing  current  up  to  a 
certain  limit. 

(3)  When  soft  steel  or  soft  iron  is  magnetized  longitudinally  or  trans- 
Tersely,  there  is  an  increase  of  resistance  which  is  nearly  proportional  to 
tiie  square  of  the  magnetizing  current. 

XII.  "The  Action  ofLight  on  Selenium."    ByProf.  W.G.Ada  ms, 

M.A.,  P.R.S.     Received  June  17,  1875. 

(Abstract.) 

The  paper  contains  an  account  of  several  series  of  experiments  made 

in  December  and  January  last  on  this  subject  with  the  view  ;— 

(1)  To  determine  whether  the  change  in  the  electrical  resistance  of  the 
selenium  is  due  to  radiant  heat,  light,  or  chemical  action. 

(2)  To  measure  the  amount  of  the  change  of  resistance  due  to  exposure 
to  light  from  different  sources  and  through  various  absorbing  media. 

(3)  To  determine  whether  the  action  is  instantaneous  or  gradual,  and, 
if  possible,  to  measure  the  rate  at  which  the  action  takes  place. 

The  selenium  formed  one  of  the  four  resistances  in  a  Wheatstone's 
bridge,  and  its  average  resistance  was  about  2^  megohms. 

The  two  resistances  in  the  bridge,  which  were  kept  constant,  were  4 
and  2000,  so  that  the  resistance  of  the  selenium  was  500  times  the  Tari- 
able  resistance  required  to  balance  it. 

B  is  taken  to  represent  this  resistance  required  to  balance  the  selenium. 
The  box  containing  the  selenium  was  laid  on  its  side  and  had  a  draw- 
lid,  which  was  kept  closed  except  when  exposure  was  made.  In  front  of 
the  draw-lid  was  a  black  screen  with  an  opening  opposite  to  the  selenium 
6  centims.  by  3j  centims.,  into  or  in  front  of  which  various  absorbing 
media  could  be  placed. 

The  absorbing  media  employed  were  bichremate  of  potash,  sulphate  of 
copper,  ruby,  orange,  green,  and  blue  glasses.  Plates  of  rock-salt,  alum, 
mica,  and  quariz  were  also  employed. 

With  theUdof  the  box  on,  the  resistance  ofthe  selenium  was  measured, 
and  was  found  to  increase  slowly  and  regularly  in  consequence  of  the 
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current.    In  most  of  the  oiperimenta  a  battery  of  30  Le- 

-as  employed. 

(1  tliat  the  higher  the  battery-power  the  Jess  is  the  resistancB 

11.     Experiments  with  5,  30,  ftad  35  cells  gare  the  foUow- 

blstancL'  E  with    5  cells    5400  ohms. 

„       3i)     „      4400     „ 

5     „      5400     „ 

„       30     , 4600     „ 

hours  : — 

Bistauce  E  nith  30     „     4800    „ 

5     „      5750     „ 

tion  ot  resistance  with  increased  battory-power  may  b» 
in  pari  by  leakage  from  the  rheocord  ;  and  there  may  be 
ng  electromotive  force  sinular  to  polarizatioa  brought  iato 
elenjum  when  tho  current  is  passing  which  lucrcaaes  vitit 

1  light  diminiahes  the  resistance  of  selenium. 

■  aceoimted  for  by  eilher  of  two  hypotheses  ; — 

;lif  acting  on  the  selenium  aetd  up  a  polarization  current 

]ii>ws  tlie  bat tcrv-ciir rent  pnasiug  liiroiigh  it. 
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action  through  media  which  absorb  all  the  more  chemicallj  active  rays  is 
very  nearly  as  great  as  when  they  are  not  interposed,  so  that  the  chemical 
rays  produce  rery  little  effect. 

Experiments  with  the  lime  light,  with  rock-salt,  alum,  and  quarts,  and 
their  combinations,  two  together,  show  that  the  resistance  diminishes  at 
the  same  rate  as  the  illumination  increases.  This  seems  to  show  that  the 
action  is  almost  entirely  due  to  the  illuminating  power  of  the  light  fiilling 
on  the  selenium. 

Experiments  with  the  electric  light,  with  smoked  rock-salt,  alum,  and  a 
solution  of  iodine  in  bisulphide  of  carbon  show  that  the  obscure  heat-rays 
do  not  act  powerfully  on  the  seleniiun. 

In  one  series  of  experiments  an  attempt  was  made  to  separate  the 
instantaneous  effect  from  the  gradual  effect  of  the  light. 

This  was  done  by  first  balancing  the  resistance  of  the  selenium  before 
exposure  by  a  resistance  R  of  the  colls,  then  diminishing  R  by  300,  400, 
or  500  ohms,  according  to  the  brightness  of  the  light,  so  as  to  get  no 
sudden  deflection  when  the  current  is  made  at  the  first  instant  of  expo- 
sure. 

It  was  difficult  to  determine  beforehand  by  estimation  what  diminution 
of  R  should  be  made ;  but  after  several  trials  it  was  quite  possible  to  make 
the  sudden  deflection  very  small,  either  on  one  side  of  the  zero  or  the 
other,  and  to  keep  the  needle  near  the  zero  by  continuing  to  diminish  the 
value  of  R  as  long  as  the  exposure  lasted. 

In  this  way  the  effects  of  exposure  in  successive  equal  intervals  of  time 
can  be  measured. 

The  light  allowed  to  pass  through  the  coloured  glasses  and  other 
absorbing  media  was  examined  by  a  spectroscope,  and  it  was  found  that 
the  yellowish-green  rays  were  among  the  most  active  in  altering  the 
electrical  state  of  the  selenium. 

A  series  of  experiments  was  made  to  determine  the  effect  of  light  from 
different  sources. 

A  Bunsen  burner  was  employed,  and  chloride  of  barium,  chloride  of 
strontium,  thallium,  and  sal-ammoniac  were  introduced  into  the  flame. 

The  effect  with  barium  seemed  to  be  less  than  with  strontium. 

With  sal-ammoniac  in  the  flame  the  effect  was  as  great  as  with  strontium 
and  more  lasting. 

With  thallium  the  effect  was  considerably  greater,  more  gradual,  as  well 
as  far  more  lasting  than  with  strontium. 

The  effect  on  repeating  an  experiment  is  very  much  less  than  the  effect 
of  the  first  exposure  with  each  new  source  of  light. 

Experiments  were  made  with  the  Bunsen  burner  alone  in  its  ordinary 
state  and  when  it  is  rendered  luminous  by  stopping  the  air-holes. 

Exposure  to  the  ordinary  Bunsen  fiame  for  several  seconds  only  caused 
a  slight  deflection  of  about  10  divisions  of  the  scale.  After  this  slight 
diminution  of  resistance  the  needio  gradually  returned  to  zero,  and  was 
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ic  other  side,  as  the  heat  radiated  from  the  Bimaen  burner 

by  the  selenium. 

the  flame  luminoiiB,  the  needle  waa  suddenly  deflected  off 

great  rapidity, 

)  Hhimt  to  the  galvanometer  there  was  oo  deflection  on  ei- 

nrdinary  Bimsen  flame ;  but  nith  the  luminous  flame  there 

deflection,  which  increased  to  250  divisioua  of  the  scale  in  a 

loncled  to  a  eliange  of  resistance  in  li  of  about  1250  ohm?, 
nent  was  repeated  in  a  slightly  different  way.     The  sele- 
inced,  and  before  exposure  to  the  luminous  Bnnaen  flame, 
ihed  by  1000  ohms.     On  making  contact  and  exposing  at 
int,  (here  was  a  slight  deflection,  showing  that  the  sudden 
ivalent  to  rather  iesa  than  1000  ohms  ;  hut  in  a  very  few 
eedle  was  at  rest  at  svero,  and  to  keep  tho  needle  at  sbto 
was  further  diminished  by  300  ohms, 
ce  had  been  diminished  by  one  fourth  of  its  whole  amoiml 
le  minute  in  consequence  of  the  exposure. 
■  an  ordinary  wax  taper  diminished  the  resistance  of  the 
JU.OOO  ohms,  or  about  one  eighth  part  oE  its  whole  reaist- 

Umyjower^Mhes^mirce^nigh^v^r^omiiar^ 
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meat  wsb  madeat  the  haif-moon,  when  the  moon  was  high  up,  bo  that  the 
light  fell  obliquel;^  on  the  window  and  did  not  shine  directly  on  the 
selenium. 

On  throwing  the  moonlight  on  the  selenium  hj  means  of  a  plane  mirror, 
the  needle  was  at  once  deflected  20  divisionB  of  the  scale ;  on  placiog  the 
mirror  ontside  the  window  so  as  to  send  the  moonlight  perpendicularlj 
through  the  window  on  the  aelenjum,  the  deflection  of  the  needle  was  40 
divisions.    The  window  was  kept  closed  during  these  experiments. 

On  another  evening  when  the  moon  shone  verj  obliquely  on  the  window, 
and  the  selenium  was  exposed  on  the  inside  of  the  window  directly 
to  the  moonlight,  the  needle  was  deflected  100  diyisions  of  the  scale, 
and  the  deflection  increased  to  150  divisions  after  exposure  for  about 
3  minutes. 

The  change  in  the  resistance  of  the  selenium  was  from  60,000  to  70,000 
ohms. 

These  experiments  show  that  the  action  on  the  selenium  is  due  princi- 
pally,  if  not  entirely,  to  radiations  belonging  to  the  visible  part  of  the 
spectrum.  Light  rays  of  all  kinds,  particularly  the  greenish  yeUow,  pro- 
duce an  instantaneous  efEect  followed  by  a  more  or  less  gradual  effect, 
which  continues  to  increase  during  exposure  for  several  minutes. 

These  facts  suggest  two  hypotheses  as  possible  explanations,  which  may 
help  as  guides  in  further  experiments,  but  which  cannot  be  accepted 
as  proved  without  further  evidence. 

(1)  That  the  light  falling  on  the  selenium  causes  an  electromotive 
force  in  it,  which  opposes  a  battery-current  passing  through  it,  the  efEect 
brang  similar  to  the  effect  due  to  polarization  in  an  electrolyte. 

(2)  That  the  light  falling  on  the  selenium  causes  a  change  on  its  sur- 
face akin  to  the  change  which  it  produces  on  the  surface  of  a  phospho- 
rescent body,  and  that  in  consequence  of  this  change  the  electric  current 
is  enabled  to  pass  more  readily  over  the  surface  of  the  selenium. 


XIII,  "  On  the  Production  of  Glycosuria  by  the  Effect  of  oxy- 
genated Blood  upon  the  Liver."  By  P.  W.  Pwir,  M.D.,  F.R.S. 
Received  June  17,  1875. 

In  a  communication  on  "  Lesions  of  the  Nen'ous  System  producing 
Jtwhetea,"  presented  to  the  Boyal  Society  in  1858  (Proc.  Eoy.  Soc,  vol. 
1. 1859-60),  I  made  known  that  division  of  certain  parts  of  the  sympa- 
thetic system  occasioned  the  presence  of  sugar  in  the  urine.  The  effect 
of  puncturing  the  floor  of  the  fourth  ventricle  (Bernard's  celebrated 
experiment)  had  been  for  some  time  previously  familiar  to  physiologists  ; 
but  nothing  had  been  ascertained  about  the  production  of  diabetes  by 
lesions  of  the  sympathetic,  until  my  experiments  upon  the  subject  were 
conducted;  and  it  was  in  attempting  to  discover  the  channel  through 


V.  Vavy  on  the  Production  of  Glycosuria.     [June  \f, 

ilia  oblongafft  influenced  the  liver,  that  I  was  led  to  recog- 
hich  my  researthes  disclosed. 

-  merely  showed  that  there  were    other  means  besideB 
lioor  of  the  fourth  vcntriule  by  which  artificial  diabetes 
il.     They  did  not  explain  the  reason  of  the  appearance  of 
1!  sought  to  discover  something  upon  this  point.     Failing 
■  uiplanaliou  that  has  been  Buggestfd  with  the  endence 
[leriuient,  I  have  from  time  to  time  pnshed  inquiry  in 
m,  but  always  with  a  fruitless  issue,  until  the  summer  of 
ime  across  the  results  which  it  is  the  object  of  this  com- 
nake  known,  a  brief  announcement  of  them  having  been 
'  in  a  letter  to  the  Secretaries  of  the  Eoyal  Society  shortly 
A  the  session  of  last  year. 

le  past  I  have  been  led  to  look  to  an  altered  condition  of 
ng  to  the  liver  as  likely  to  prove  the  most  probable  caoM 
riiJiHon  of  amyloid  substance  into  sugar,  which  evidently 
foundation  of  the  artificial  diabetes  following  operatitnif 
MS  system.     Schiftis  of  this  view,  and  (' Journal  de  I'Ana- 
'liysiologie,'  Paris,  18156)  has  referred  the  escape  of  sQgv 
aud  thence  the  production  of  glycosuria,  to  the  develop- 
iiit  in  the  blood  as  a  result  of  the  hyperfemia  which  fol- 
.iious  on    the  nervous  system  whieh  occasion  artificial 
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Gontained  in  the  blood  should  fail  to  be  capable  of  determining  the  pro- 
duction of  sugar  whilst  passing  through  the  vessels  of  the  liver. 

Having  so  far  proceeded  without  success,  it  now  occurred  to  me  to  try 
the  efEect  of  introducing  defibrinated  arterial  blood  into  the  portal 
system.  I  was  led  to  experiment  in  this  way  from  having  a  long  time 
previously  observed  that  when  arterial  blood  only  was  allowed  to]  flow 
through  the  liver  (as,  for  instance,  when  the  portal  vein  was  tied  and  the 
hepatic  artery  left  free),  sugar  escaped  from  the  organ  to  such  an  extent 
as  to  render  the  contents  of  the  circulatory  system  strongly  siftccharine. 
This  result  I  had  commented  upon  as  being  somewhat  surprising,  and 
as  furnishing  evidence  standing  in  opposition  to  Bernard's  glycogenic 
theory.  I  had  not  succeeded  by  the  operation  in  producing  glycosuria, 
because,  as  it  appeared  to  me,  no  urine  was  secreted,  owing  to  the  liga- 
ture of  the  portal  vein  leading  to  such  a  diversion  of  blood  from  the 
general  circulation,  by  the  accumulation  occurring  in  the  portal  system, 
that  the  flow  through  the  kidney  was  too  slight  to  allow  of  it.  I  had 
endeavoured  to  overcome  this  obstacle  by  connecting,  through  the  medium 
of  a  canula,  the  portal  with  the  right  renal  vein  after  ligaturing  the  cor- 
responding renal  artery.  If  the  experiment  had  succeeded,  the  liver 
would  have  been  left  with  its  arterial  supply,  but  the  portal  stream  would 
have  been  diverted  and  made  to  reach  the  inferior  cava  without  traversing 
the  hepatic  vessels.  As  regards  the  operation,  this  I  found  I  could 
accomplish ;  but  each  time  I  performed  the  experiment  the  object  I  had 
in  view  was  frustrated  by  the  canula  becoming  quickly  fiUed  with  a  plug 
of  blood-clot.  It  was  whilst  under  this  difficulty  that  I  thought  of  col- 
lecting blood  from  an  artery,  deflbrinating  it,  and  then  introducing  it 
into  the  portal  system.  I  had  considered  it  possible  that  some  slight 
effect  might  be  perceptible,  but  had  not  anticipated  the  strongly  marked 
result  which  is  producible. 

The  amount  of  blood  used  has  been  from  10  to  18  fluid  ounces.  After 
the  production  of  ancesthesia  by  chloroform  the  blood  was  collected  from 
the  carotid  artery,  stirred  in  order  to  defibrinate  it,  strained,  and  then 
very  slowly  injected  into  a  branch  of  the  mesenteric  vein.  In  one  ex- 
periment, where  half  an  hour  had  been  employed  in  making  the  injection, 
the  urine,  at  the  completion  of  the  operation,  contained  a  notable  amount 
of  sugar,  and  half  an  hour  later  showed,  by  analysis,  the  presence  of  15 
grains  to  the  fluid  ounce.  In  a  second  the  urine  contaiaed  10  and  in  a 
third  14  grains  to  the  fluid  ounce  when  collected  three  quarters  of  an 
hour  after  the  operation. 

The  experiments  were  performed  upon  dogs,  and  in  each  case  it  had 
been  ascertained  that  the  urine  was  devoid  of  sugar  before  the  operation. 

It  will  thus  be  seen  that  these  results  leave  no  doubt  about  the  decided 
production  of  glycosuria.  The  effect  was  not  only  rapid  but  of  a 
strongly  marked  character.  It  is  necessary,  however,  before  concluding 
that  the  glycosuria  was  really  attributable  to  the  influence  of  the  oxyge- 
nated blood,  to  have  evidence  that  in  the  absence  of  oxy^^ssv^^X^s^^  % 
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;  would  bo  obtained.     I  took  eare,  by  slownesB  of  injection, 
i-iiig  the  circulation  through  the  liver  to  be  influenced  by 
increnaed  pressure  within  the  portal  system.     I  am  not 
no  think  from  my  previous  experience,  that  any  fallacy 

exclude  the  possibility  of  its  occurrence. 
kvd  the  effect  which  has  been  described  from  the  injec- 
lated  blood  info  the  portal  system,  it  became  neeessaty  to 
ively  that  it  was  attributable  to  the  oxygenated  condition 
iiid  not  to  any  other  cause.     To  decide  this  point  an  ap- 
sunterpart  e.tperiment    was  made.      Defibrinated  venous 

311  each  occasion  where  such  an  operation  has  been  per- 
ativo  result  has  been  obtjuned.      With  Iho  evidence  thus 
conclusion  may  be  warraotably  drawn,  that  oxygenated 
manner  influences  the  liver,  so  as  to  lead  to  the  production 
It  may  be  inferred  that,  contrary  to  the  effect  of  venous 
natural  state  of  the  circulation,  it  promotes  the  transfonna- 
i  Hubatance  into  sugar. 

Qg  these  experiments  of  injecting  defibrinated  btood  into 
em,  I  came  across  an  effect  which  1  had  not  anticipated, 
ra  several  occasions  frustrated  the  object  I  had  in  view. 
hiod,  as  experimental  jibysioloKists  know,  may  be  injected 
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XIY.  ^'  On  some  supposed  changes  Basaltic  Veins  have  suffered 
during  their  passage  through  and  contact  with  StratifiedBocks^ 
and  on  the  manner  in  which  these  Bocks  have  been  affected 
by  the  heated  Basalt.^'  By  I.  Lowthian  Bell^  F.R.S.  Re- 
ceived May  27,  1875. 

The  northern  counties  of  England  afford  very  satisfactory  eyidence  of 
the  intmsion,  in  former  geological  times,  of  a  large  area  of  fused  matter 
beneath  portions  of  the  then-existing  surface,  and  through  the  yertical, 
or  nearly  yertical,  faults  and  fissures  of  thin  sedimentary  strata. 

Through  the  observations  and  writings  of  N.  J.  Winch*,  Sir  Walter 
Trevelyant,  Prof.  Sedgwick  J,  William  Hutton§,  John  Buddie  ||,  Nicholas 
WoodlT,  WestgarthForster**,  and  several  other  observers  of  earlier  tt  and 
more  recent  tt  date,  we  have  been  made  acquainted  with  many  details  of 
the  existence,  appearance,  and  direction  at  the  sur&ce  of  extensive 
whin-dykes  and  beds  of  intercalated  trap,  basalt,  or  whin,  using  the 
terms  which  have  hitherto  been  generally  and  locally  applied  to  the 
igneous  rocks  found  in  connexion  with  the  Carboniferous  formation  of 
these  districts. 

In  the  most  northerly  part  of  Northumberland  a  broad  dyke  of  igneous 
rock  occurs  on  Holy  Island,  and  is  continued  on  the  mainland  to  the 
west.  Several  other  dykes,  too  numerous,  indeed,  to  be  specially  men- 
tioned in  this  communication,  occur  in  the  Carboniferous  rocks  between 
this  locality  and  the  banks  of  the  Tees,  having  for  the  most  part  a  direc- 
tion from  west  to  east.  In  addition  to  the  dykes  which  may  have  filled 
up  old  lines  of  faults  and  fissures,  we  have  bedded  igneous  rocks,  where 
fused  matter,  instead  of  coming  to  the  surface,  has  forced  its  passage  or 
way,  horizontally  between  the  regular  and  previously  stratified  sedimentary 
rocks.  Sometimes  also  the  igneous  matter  is  found  between  the  central 
portions  of  individual  beds  of  shale  and  limestone,  and  in  its  course  has 
oftentimes  enclosed  in  its  mass  considerable  portions  of  such  preexisting 
beds,  as  in  the  examples  figured  by  Prof.  Sedgwick  in  the  second  volume 
of  the  Cambridge  Philosophical  Transactions. 

*  Trans.  Geol.  Soc.  1814,  vol.  ir.  pp.  21  k  73. 

t  Wernerian  Soo.  Memoirs,  1821-23,  p.  253,  and  Trans.  Nat  Hist.  Soo.  Northumber- 
land and  Durham,  1830,  vol.  i.  p.  58. 

\  Cambridge  Phil.  Trans,  vol.  ii.  pp.  21  k  139. 

§  Trans.  Nat.  Hist.  Soc.  Northumberland  and  Durham,  1831,  voL  ii.  p.  187. 

Ii  nnd,  1830,  vol.  i.  p.  9. 

f  Ibid.  1831,  vol.  i.  p.  327. 

*♦  Section  of  the  Strata  &c.,  1821. 

tt  Hon.  H.  G.  Bennett,  M.P.,  F.E.S.,  Oeol.  Trans.  1812,  vol.  iv.  p.  102;  Conybeare 
and  Phillips,  Geol.  of  England  and  Wales,  1821,  pt  1 ;  Michael  Forster,  Trans.  Nat. 
Hist.  Soo.  Northumberland  and  Durham,  1830,  vol.  i.  p.  44;  Francis  Forster,  ibid 
p.  75 ;  Henry  T.  M.  Witham,  ibid,  vol.  ii.  p.  343. 

XX  George  Tate,  Trans.  Tyneside  Nat.-Hi8t.  Field-Club,  vol.  ii.  new  aeries. 

TOL.  xnn.  %^  ^ 
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sill,  as  it  U  tfrraed  !)y  Ihe  lead-miners  of  the  Alston-Moor 
'  most  remarkable  example  of  bedded  igneous  roek  m  the 
ilit's,  extending  as  it  does  from  the  Faroe  Islands  in  the 
iiiintj-  of  Northumberland  ;  and  after  passing  the  StubhVk 
I'll  it  is  faulted,  it  skirts  the  escarpment  of  the  Pennine 
iiierop,  and  terminates,  so  far  as  we  are  Informed,  iii  the 
i  of  Lunedale  ia  TorkBhire. 

otljer  but  smaller  occurrence  of  bedded  basaltic  roek  new 
\'cardftle,  wliich  was  fonnerly,  and  very  aecurately,  describeil 

Trevelyan  in  the  first  volome  of  the  '  Transactions  of  the 
iry  Society  of  Korthiunberlaud  and  Durham.' 
i-ral  intrusive  mass  of  wliin  exposed  by  denudatioD  at  the 
.  at  Bolam,  iu  South  Durham,  in  couueiiou  with  the  cele- 
■lil-Fell  Dyke.    This  mass  haa  been  figured  and  graphitaJly 

Prof.    Kedgwick    in  the   Cambridge   Transactiona   aboTe 

instance  of  the  lateral  or  horizontal  intrusion  of  igneoM 
'  have  now  to  describe  occiu-s  in  connexion  with  the  basaltic 
.Ytends  from  Egglestone  Moor  along  the  Bedbum  Beck, 
burn  Colliery,  Coustantine  Farm,  Whitworth,  Tudhoe,  Hett, 
Crow  Trees,  to  Quarrington  Hill,  on  the  esfarpment  of  the 
liiestnne.     Tliis  dyke  was  first  described,  and  its  direction 
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In  the  mean  time  a  oeighbouting  firm  bad  sunk  a  pit  in  the  immediate 
rieinity  without  meeting  with  any  trace  of  whin  rock;  and  as  circiun- 
stancea  demanded  it,  two  shafta  were  commenced  by  Messre.  Bell  Brothers 
185  yarda  N.E.  of  the  first  bore-holu.  Thu  area  wif  bin  these  three  points 
amounts  to  something  lite  15  acres.  Wbcu  the  more  advanced  of  these 
pits  was  sunk  to  a  depth  of  C7  fathoma,  the  men  canio  upon  the  hard 
obstacle  met  with  in  the  bore-boles ;  and  the  same  thing  happened  in 
the  second  shaft,  situate  60  yards  to  the  west  of  its  neighbour. 

In  each  case  fully  four  months  of  lucessaut  labour,  accompanied  with 
considerable  eipenae,  was  required  before  llie  lower  surface  of  this  hard 
Bfcratum  waa  reached,  which  proved  to  have  a  thifkuesa  of  10-75  feeL 
In  all  probability,  however,  ita  dimocsiona  are  subjoct  to  considerable 
fluctuations,  for  in  one  of  these  two  pits  the  bed  is  4  feet  thinner  on  the 
north  side  of  the  shaft  than  on  the  south. 

It  was  now  clear  that  it  was  a  bed  of  basalt  lying  in  a  horizontal  posi- 
tion which  was  encountered,  in  which  direction  it  had  spread  Itself  as  one 
offering  less  reaistance  than  that  to  be  overcome  by  forcbg  an  exit  at  the 
surface.  At  what  point  a  communication  exists  between  this  interjected 
mass  and  ita  subterranean  source  wo  have  bad  no  means  of  ascer- 
taining. 

Above  and  below  the  basaltic  bed,  as  found  in  the  pits,  there  are  tvo 
well-known  seams  of  coal.  In  the  neighbouring  colliery  spoken  erf 
(Littlebum)  these  are  separated  by  50*25  feet  of  fire-clays,  shales,  and 
sandatonea,  while  in  the  present  case  the  intervening  rocks  measure 
103-66  feet,  showing  an  increase  of  53-41  feet.  Of  this  only  19-75  feet 
ia  due  to  the  whin,  the  remaining  33-6C  feet  arising  from  a  thickening 
of  the  sandstone  and  other  deposits. 

During  the  entire  progress  of  sinking  specimens  of  the  rocks  were 
preserved,  which  enabled  mo  at  my  leisure  to  examine  not  only  the  whin 
but  also  the  altered  character  of  the  adjacent  strata. 

The  change  e:)cperiencecl  by  the  latter  baa  frequently  formed  the  sub- 
ject of  comment ;  but  X  am  not  ai^'are  that  much  attention  has  been 
directed  to  any  modiiicafion  in  the  composition  of  the  basalt  itself, 
caused  by  contact  with  the  substances  through  which  it  had  pene- 
trated. 

It  would  of  course  be  highly  instructive  if  any  sedimentary  rock  could 
be  accepted,  in  respect  to  its  constituents  and  their  relations  to  each 
other,  as  a  normal  type  of  whinstone.  If,  for  example,  an  aqueous 
rock  were  found  in  the  immediate  vicinity  of  basalt,  and  the  compositions 
of  both  were  the  same,  one  might  infer  the  physical  difference  to  bo  due 
to  the  mere  influence  of  igneous  action. 

There  are,  however,  to  be  found  in  nature  many  substances  which 
more  or  less  resemble  in  constitution  the  matter  filling  whin-dykes,  clay- 
slate  being  one,  some  specimens  of  which  contain  the  following  ingre- 

2t2 
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Silica    54 

Alumioa   24 

Potash     3 

100 

mid  be  nothing  extravagant  in  the  suppoaition  that  cl»T- 
liaracler  reduced  to  a  state  of  fusion  by  heat  might  be 
red  in  passing  through  tho  Mountain  Limestone  and  MiU- 
ro  reaching  the  surface  in  tho  county  of  Durham,  and  that 
esemblo  the  composition  of  the  whin-dykes  of  the  district. 

.',  and  if  changed  by  subsequent  contact  with  other  rocka 
red  in  each  case  by  the  same  cause,  is  apparent  on  refer- 
■spective  eompoaitions. 

fxide  of  iron    12'04      12-22 

0-65                  o-ao 
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eomethiDg  under  tluB  in  the  other  cose.  These  coatings  exhibit  a  marked 
similarity  to  each  other ;  but  a  striking  difference  in  some  respecte  is 
obaerred  to  the  interior  of  the  mass  they  surround, 

Upper  BarfBce.  Lover  Mirboe. 

SiUca 43-22     40-62 

Alumina 1744     18-18 

Protoxide  of  iron 1303     1400 

-    Sulphide  of  iron    1-31 

Lime 6-28     4-37 

Magnesia    2-80     3-94 

Potash    1  ,  .28     -78 

Soda  I  -33 

Carbonic  acid 14-72     13-23 

Water    1-46     2-36 

100-27  99-12 

In  colour  these  coatings  are  of  a  light  buff,  imd  are  close  in  texture,  in  both 
of  which  particulars  they  differ  considerably  from  the  unchanged  basalt. 
It  would  appear  that  any  difference  in  composition  between  the  interior 
of  this  horiiEontal  bed  of  basalt  and  ita  outer  surfaces  is  entirely  inde- 
pendent of  that  which  might  be  supposed  to  arise  from  mere  contact  with 
the  adjoining  strata.  Lying  above  it  is  8  feet  of  a  siliceous  rock  known 
amcmg  miners  in  the  North  uf  England  as  a  "  white  post."  It  was 
found  to  consist  of : — 

Silica 88-25 

Alumina    5-69 

Peroxide  of  iron    1-71 

Lime 1-53 

Magnesia  -69 

Potash  -80 

Soda -21 

Water    1-75 

100-63 
The  underside  of  the  basalt  rests  upon  a  thin  seam  of  coal,  greatly  charred 
by  its  proximity  to  so  large  a  volume  of  matter,  which  must  have  arrived  at 
its  present  position  in  a  state  of  intense  heat.  This  coal  is  of  course  defi- 
cient in  volatile  constituents,  and  contoius  a  large  percentage  of  ash,  one 
half  of  which  is  carbonate  of  lime.    Its  composition  is  as  follows ; — 

Carbon 50-58 

Hydrogen 1-00 

Oxygen 3-52 

Sulphur '18 

Ash   38-05 

09-93 
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in-od  ttat,  iu  the  first  three  instftnces  quoted  of  the  compo- 
whinstone,  carbonic  acid  is  named  as  a  constituent  varying 
111  1-02  to  2-57  per  cent,  of  the  whole.   This  is  a  ht  tie  remark- 
!  confirmed  by  actual  espcrimeut  that  when  protoxide  of  iron, 
V,  potash,  and  soda,  in  the  form  of  carbonatfi,  are  fused  with 
mina   iu  the  proportions   in  which    these    substances  are 
ill  the  whin,  the  resulting  mass  does  not  contain,  as  might 
a  trace  of  carbonic  aeid.     "Whether  the  small  quantities 
?d  of  this  acid  represent  portions  -nhieh  under  unmense 
i  not  escape  from  the  iimo   ^^-ith  which  it  was  perhaps 
ibineil,  is  a  question  to  which  no  s.itis factory  answer  can  be 

lor  hand,  it  is  not  improbable  that   basalt  may,  after  or 

ig  tlio  act  of  cooling,  be  placed  in  circumstances  where 

may  be  absorbed  by  such  of  its  constituents  as  are  knomi 

Liates. 

ng  experiments  were  tried  on  a  sample  ot  the  pounds! 

niously  ascertained  to  contain  1-97  per  cent,  of  carbonic 

per  erot,  CO, 

mes  having  been  exposed  during  four  days  to  dry 
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poeitioa  of  the  outer  coTerings  of  the  basalt,  already  described.  These 
in  all  probability  would,  from  their  jioaition,  be  more  freely  exposed 
to  the  action  of  carbonic  acid  than  the  iutcrior  of  the  mass  of  which 
they  formed  the  coatiug.  That  thcae  portious  are  in  reality  identical 
with  the  bed  itself,  merely  altered  by  the  rate  of  cooling,  or  by  a 
change  in  compositioa  due  to  absorbing  carbonic  acid,  or  by  these  causes 
comWed,  is  easily  seen  when  the  proportions  of  their  Qxed  elements  are 
compared  with  those  as  they  exist  in  the  whin-rock  of  the  neighbourhood. 

Xorih  djko                   Interior  of 
raliel  lo  Hett  Dyke.       liorizunUl  bed. 
,  , .   5^-05     52-05 


Fixed  .lomoa-.  ^.^^Ztx. 

Silica 51-50     , 

AliiiniTm      20-7;i 

Protoxide  of  iron 15-47 

Lime     7 IJS 

Mi^esia 3-33     . 

Potash  and  soda   1-54 


17-83      . . . 

15-50 

12-58     . . . , 

12-90 

0-47     . . . . 

....    13-53 

5-82     . .  . , 

4-02 

2-20     . . . , 

1-70 

100-00 


100-00 


The  chief  change,  therefore,  in  composition  which  the  outer  portions  of 
the  bed  of  whin  hare  experienced  is  a  much  greater  absorption  of  carbonic 
add,  amounting  to  nearly  nine  tenths  of  the  total  quantity  required  for 
converting  the  iron,  lime,  magnesia,  and  alkalies  into  carbonates. 

It  is  peiliaps  a  difficult  task  to  speak  with  any  degree  of  confidence 
on  the  precise  nature  of  the  causes  which  have  given  rise  to  certain 
differences  in  the  proportions  of  somo  of  the  earths  as  exhibited  in  the 
above  figures.  We  may,  however,  readily  iniagiuc  that  a  liqueSed  rock, 
during  its  passage  through  a  series  of  atratilied  beds  of  various  kinds  and 
of  different  thickness,  will  continue  for  a  longer  or  a  shorter  time  in 
contact  with  any  given  substance,  accordiug  to  the  siie  of  the  latter,  or 
according  to  the  rat«  at  which  the  stream  oE  fluid  matter  for  the  time 
being  is  travelling.  It  is  altio  equally  easy  to  suppose  that  the  exterior  may 
solidify  by  contact  with  cooler  surfaces  when  the  basalt  has  assumed  the 
composition  resembling  that  of  the  crust  or  coverings  already  described. 
The  liquid  torrent  continues  to  flow  through  beds  in  which  lime  prepon- 
derates, such  as  the  mountain  limestone  :  au  additional  quantity  of 
thia  earth  is  dissolved,  and  the  basalt,  thus  altered  in  composition,  is  ex- 
peUed  through  a  kind  of  gigantic  tube  formed  by  the  cooling  of  the  first 
portions  of  tho  ejected  mass. 

As  a  source  of  silica  and  alumina  I  would  point  to  the  composition  of 
the  rocks  immediately  below  the  Ihin  seam  of  cool  underlying  the  hori- 
Eoatal  bed  of  basalt  under  consideration. 
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Olurred  eoiilj         Strong  blue            Orey  poet                   Tin- 
■hole.                     sluJe.                     Htone.                      claj. 

OfLSiD.                 9fl.4in.                Ifl.Siii.              3ft.«in. 

38-80     .. 

.  .      52-85      .  . 

. .      07-30      . . 

.     t!l-fl5 

29-91      . . 

.  .     28-15     . . 

. .       0-47 

.     23-77 

■on  . .     2-RO     . . 

. .       4-(52     . . 

..     11-81 

.       4-GJ 
-03 

-64     . . 

-68     . . 

, .        1-01 

■15 

1-19     .. 

. .       2-13     . . 

..       216 

.       2-49 

2-80     .. 

. ,       1-52     . . 

-81 

.       2-24 

-84     . 

-92     .  . 

■81 
..       4-53 

■21 

.  .       8-05     . . 

. .       3-35 

5-41 

'.'....  22-24      .. 

1-30     .. 

99-82                100-22               101-05               100-59 

coosidered  the  changes  whidi  the  intruded  igneous  rock 

,  the  alterations  may  be  eiamiued  which  the  presenre  of  a 

lighly  heated  mutter  has  effected  on  the  adjacent  sedimen- 

jiioimt  of  volatile  constituents  left  in  the  thin  seam  of 

■\y  ciilci-lying  the 

bed  of  ohiu  in  tlie  pit  has  been  lUready 

niif   1  r  fnl't   K,.1,»v   tlii^   ;.:   n    ^<.,^r.-.-.,f    l,.„l   ..f 
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■eems  not  impoB§ibIe  but  that  mme  of  the  conatitoents  oE  tliese  Btratk, 
coDunoa  to  all,  may  owe  their  origia  to  the  basalt  itself,  from  which  they 
may  hare  been  emitted  in  the  form  of  rapour. 

Although  iilica,  alumina,  and  lime  are  regarded,  and  justly  so,  aa  being 
little  ^ected  by  exposure  even  to  a  very  intense  heat,  I  am  neverthe- 
less diaposed  to  believe  that  all  three  are  susceptible  of  being  evaporated 
at  temperatures  not  unfrequently  used-  in  the  arts.  From  iron  blast- 
furnaces,  and  particularly  from  those  in  the  North  of  Sngland,  a  vast 
quantity  of  whito  fume  or  smoke  is  emitted,  which  readily  condenses 
on  a  cold  surface.  To  one  of  these  furnaces  in  the  county  of  Durham 
I  attached  an  air-pump  worked  by  steam,  and  by  its  means  the  whole  of 
this  fume  from  a  given  volume  of  gas,  as  it  escaped  from  the  furnace, 
was  condensed  in  water. 

On  analysiB  it  was  found  to  be  composed  of — 

Silica 14-06 

Alumina  and  some  peroxide  of  iron  25-70 

Lime 2-30 

Magnesia tmx 

Chlorine     -61 

Sulphuric  acid -64 

Oxide  of  einc    19*99 

Carbonates  of  potash  and  soda    ....  29-05 

Carbonic  add    7-83 

100-18 

Kot  being  prepared  to  find  certtun  of  these  bodies  carried  away  in  the 
vaporous  form,  the  idea  suggested  itself  that  they  might,  in  the  first  in- 
stance, be  deoxidized  in  the  powerfully  reducing  atmosphere  of  the 
hearth  of  the  furnace,  and  subsequently  reoxidized  in  ite  upper  regions. 
To  satisfy  myself  on  this  point,  1  drew  a  considerable  volume  of  the  gases 
as  they  exist  in  the  hottest  portion  of  the  reducing  cone  and  passed  it 
through  cold  mercury.  Had  any  such  action  as  that  indicated  been 
eCected,  I  would  expect  to  find  potassium  or  sodium  in  the  mercury. 
No  trace,  however,  of  these  metals  was  detected,  and  I  therefore  con- 
cluded that  the  furnace-vapours  In  question  must  be  regarded  as  true 
sublimates.  If  so,  and  if  the  estimate  of  the  quantity  be  correct,  many 
thousands  of  tons  of  alumina  &c.  are  annually  evaporated  on  the  banks 
of  the  Tees  during  the  process  of  smelting  iron. 

If  similar  vapours  ^ere  emitted  by  basalt  when  intensely  heated,  it 
is  almost  certain  that,  under  the  great  pressure  then  prevailing  at  the 
depth  of  this  particular  bed,  some  portion  would  find  its  way  into  the 
adjoining  strata.  Lying  above  the  basalt  is  some  8  or  9  feet  of  a  rock 
spoken  of  as  "  whito  post."  On  referring  to  the  analysis  formerly  quoted, 
it  will  be  seen  that  this  bed  contains  88*25  per  cent,  of  silica  (it  is  there- 
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ceoua  rock),  nnd  that  its  remaining  ll-7o  parts  consist  of 
oE  whkh  occur  in   the  ba.ialt.      It  is    true  the    soma 
[  tho  rocks  undcrlyiog  the  stratum  of  whin,  and  that  iu  both 
igrcdieutA,  found  in  smuU  quautities,  may  have  h&ax  depo- 
material  couatitutinj;  the  main  body  of  the  bed. 
lowever,  iu  the  possibiiily  of  the  basalt  having  been  tha 
IT  a  part  of  what  may  bt'  designatod  as  foreign  ingredienta 
post,  three  specimena  were  submitted  to  esamiuation.    OiW 
n  the  bed  where  it  adjoins  the  whin,  a  second  from  it« 
10  third  from  its  upper  portion ;  and  certniuly,  so  for  w 
ingredienta  are  coucerned,  they  tend  to  oooiifiu  the  wbw 
1.     This  view  is  based  on  the  fact  that  tho  aubalauces  in 
ound  in  greatest  quantity  nest  the  basalt,  and  that  they 
uish  iu  thix  respect  as  the  distance  from  the  basalt  ia- 

8-34       8'80     8-47 

of  iron -57     1-00 

.  of  iron    . .      l-^i      1-U3     -U 

I'M                .          -SIS     ..      .,          -91 
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Silica   38-830 

Alumina 13'250 

Protoxide  of  iron     13-830 

Peroxide  of  iron 4-335 

Lime    3-925 

Magnesia 4-180 

Potash -422 

Soda    -971 

Carbonic  acid 9-320 

Water 11-010 

100-073 

Although  Professor  Jukes  expresses  himself  as  confident  of  the  origin 
of  this  substance,  he  nowhere  had  an  opportunity  of  examining  it  in  con- 
tact with  basalt  previous  to  its  alteration.  The  presence  of  carbonic 
add  and  water  he  ascribes  to  subsequent  infiltration. 


XV,  "  Results  of  Magnetieal  Observations  made  in  Little  Nama- 
qualand during  a  part  of  the  Months  of  April  and  May,  1874.'^ 
By  E.  J.  Stone,  M.A.,  F.R.S.     Received  June  11,  1875. 

An  eclipse  of  the  sun  was  to  occur  on  April  10,  1874,  which  would 
be  total  throughout  Little  Namaqualand.     I  made  arrangements  for  a 
visit  to  this  country  to  observe  the  eclipse.     The  country  is  one  rarely 
visited.     I  was  not  aware  that  any  determinations  of  the  magnetic 
elements  had  been  made  there,  except  a  few  of  the  variation  by  the 
Admiralty  surveyors  at  one  or  two  points  along  the  coast.     It  appeared 
to  me  desirable  that  the  opportunity  afforded  by  my  visit  to  observe  the 
eclipse  should  not  be  lost  of  securing  magnetieal  observations  at  several 
stations  in  Namaqualand.     An  application  was  made  to  the  Colonial 
Government  for  some  assistance.     An  ox-waggon  was  required  for  the 
transit  of  the  magnetieal  equipment  and  of  a  wooden  building  which  had 
been  prepared  to  protect  the  instruments  and  the  observers  whilst  at 
work.     The  sum  asked  for  was  sixty  pounds.     The  request  thus  made 
waa,  however,  refused,  although  with  great  courtesy  and  apparent  reluc- 
tance, from  a  supposed  difficulty  in  passing  such  a  grant  through  Par- 
liament.    I  was,  however,  most  unwilling  to  abandon  the  idea  of  making 
these  magnetieal  observations.   When  the  facts  of  the  case  became  kno^vn, 
I  received  offers  of  assistance  from  some  gentlemen  in  Namaqualand,  and 
His  Excellency  Sir  Henry  Barkly,  K.G.B.  &c.,  kindly  interested  himself 
in  the  matter  and  afforded  me  all  the  facilities  in  his  power.     I  deter- 
mined therefore  to  carry  out,  in  a  somewhat  modified  form,  the  scheme 
of  observations  which  I  had  arranged.     The  wooden  building  was  left 
behind.    I  found  that  good  observations  could  be  made  without  cover  of 
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le  mstrmnenta  or  the  obaerrer,  although  at  n  eousiderablo 
d  in  the  comfort  of  those  engaged  upon  the  work.  The 
■  arises  from  the  a<^ion  of  the  wind  upon  the  instruments, 
rly  upon  the  dip-iustrument ;  but  by  patiently  an^dng 
he  injurious  effects  arising  from  this  cause  can  be  very 
ijuite  eliminated.  I  tledded  also,  after  some  hesitation, 
^tnnt  with  me.  I  «aa  annoua  to  avoid  unnecessary  ei- 
ililain  na  great  freedom  for  moving  about  the  country  as 
!}■  absolutely  reijuired  Borae  one  to  enter  the  timea  from  a 
■<  the  nearest  half -second;  and  I  found,  after  a  careful 
iments  upon  the  point,  that  my  wife  could  do  this  without 

The  probable  error  of  these  time  determinations  does  not 
?d  three  tenths  of  a  second ;  and  it  woidd  be  very  difficult, 

assistant,  to  obtain,  under  the  circumstances  of  these 
I  much  greater  degree  of  accuracy.  The  instruments 
iistedof  :— a  "  Dip,"  by  Dover ;  a  "  Unifilar."  variation,  and 
iment  combined,  by  Elliott  Brothers ;  a  five-inch  Theodo- 
etermination  of  the  Inlitudea,  local  times,  and  absolute 
narks  ;  aneroid  barometer ;  thermometer ;  and  a  pocket 
eating  half-sccouda.  AVitb  only  two  persons  and  this 
i|iiipmont,  it  was  foimd  possible  to  move  freely  about  the 
iipe  cart,  and  willi  eomparali\e  Iniury  in  a  waggon. 
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of  the  magnet  was  found  as  follows : — ^The  passage  of  the  line  of  reference 
in  the  needle  oyer  the  wire  of  the  obsenring-telescope  was  noted  at  eyery 
tenth  complete  vibration  passing  right  and  passing  left.  If  *p  t^,  *„  and 
t^  are  n  obseryed  times  of  these  passages  right,  we  haye  for  the  time  of 
a  semiyibration 

and  a  similar  expression  for  the  time  from  the  passages  left. 

The  probable  error  of  the  mean  of  these  two  determinations  can  be 
shown  to  be 

±      /3  1 

lOV  2(n-lKH-hl)' 

where  e  is  the  probable  error  of  a  single  time  determination. 

In  the  Namaqualand  observations  n  was  usually  6.  If,  therefore, 
e=0^3,  we  have  for  the  probable  error  in  the  times  of  vibration 

0-0025. 

I  think  this  error  rather  in  excess  than  defect. 

The  Dip  Observations  consisted  of  a  bisection  of  the  upper  and  lower 
ends  of  the  needle  after  each  lift  of  the  needle ;  both  microscopes  were 
read  each  time.  There  were  never  less  than  four  of  these  independent 
lifts  in  each  position ;  a  complete  dip  therefore  consisted  of  at  least  sixty- 
four  independent  bisections  of  the  ends  of  the  needle  and  of  thirty-two 
independent  lifts  of  the  neecQe  from  the  agate  planes.  A  great  deal  of 
time  was  consumed  in  making  one  of  these  dips  in  the  open  air,  on 
account  of  the  disturbances  of  the  instrument  by  the  wind.  In  the 
zenith-distance  observations  of  the  sun  for  local  time,  and  azimuth  obser- 
vations for  the  determination  of  the  absolute  azimuths  of  the  marks,  both 
limbs  of  the  sun  in  reversed  positions  of  the  theodolite  were  always  taken. 
The  differences  between  the  azimuths  of  these  marks,  usually  two,  and  the 
azimuthal  reading  for  the  magnetic  meridian  were  taken  with  the  Elliott 
instrument.  The  means  of  the  results  obtained  from  the  variation-needle, 
which  allows  of  reversed  suspension,  were  alone  used ;  but  the  reading 
for  the  magnetic  axis  of  the  vibration-magnet,  which  is  well  adjusted, 
was  usually  taken  as  a  check.  To  save  time  the  deflection  observations 
were  only  made  at  the  distance  of  one  foot,  except  for  the  Port  NoUoth 
station.  The  small  correction  to  the  results  thus  found,  usually  deter- 
mined by  a  second  set  of  deflections  at  1*3  foot,  has  been  obtained  from 
the  Port  Nolloth  observations  and  other  determinations  at  the  obser- 
vatory. The  longitudes  of  the  stations  are  only  very  rough  approxima- 
tions.   No  attempt  was  made  to  fix  them  with  any  greater  ncqursLcy  than 


Mr.  E.  J.  Stone  on  Magnetical               [June  17, 

for  the  necessary  mt«rpDl8,tioiiB  of  the  bud's  declinatioD. 
13  bo  permitted  to  mention  that  the  obsen-stioiis  whose 
itftined  in  the  present  paper  could  hardly  have  been  made 
■en  for  the  assistance  afforded  me  by  E,  J.  Carson,  Esq,, 
It.  T.  Hall,  Esq.,  C.E.,  Eiiginecr,  of  Ibe  Cape  Copper  Com- 
lants  are  due  to  them  for  a  thoughtful  kiudness  whith 
facility  for  my  work,  and  yet  rendered  a  working  trip  into 
■ild  country  one  of  great  enjoyment. 

POBT   NoLLOTH, 

far  from  the  Cemetery,  Sandy  Velt. 
I'-T-aS'.     South  hititude  29°  15' 30". 

4,  April  10,  ll^     A,  South   53  ly  30 

A,  North   .'>3  28     3 

Dip     =  63  22  46 

ras  very  high  at  tiniee  during  those  obaenrations ;  but  the 

■ed  satisfactory. 

i,  April  11,  10".     Temperatm-e  Gl°-2. 

produced  by  the  vibraf-ing-ma^uot  :— 
c  10  513    li'  1 
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The  absolute  azimuths  of  these  marks  determined  on  April  10  were 

as  follows : —  ^      ^     ^^ 

Azimuth  of  northern  mark 147    8  22 

„           Boufchern  mark     6     4  33 

Variation  from  northei^i  mark   28  54  17 

„            southern  mark   28  54  52 

Variation,  AprU  12,  10»» 28  54  35  ' 

Vibration  Observations. 

April  12,  ll**  20\  Temperature  72^  90^) =2' 10".  rj  =  5«-0543, 
rj,=5'-0529,  r=5»-0530, 

The  changes  of  temperature  were  considerable ;  at  times  a  cold  damp 
mist  passed  over  from  the  sea. 

The  latitude  was  determined  on  April  12,  near  noon,  and  found  to  be 
29^  15'  30". 

On  my  return  to  Port  Nolloth  I  was  detained  six  days  waiting  for  the 
steamer,  which  lay  outside  the  bar,  but  could  not  cross  on  account  of 
rough  weather.  During  the  greater  part  of  this  time  a  dense  damp  mist 
prevailed  that  rendered  obsen^ations  impossible.  I  was,  however,  anxious 
to  repeat,  at  least,  the  determination  of  the  variation ;  and  this  was  done 
on  May  3,  3^.  The  station  was  one  rather  nearer  the  sea  than  that  first 
chosen. 

Temperature  70°-2.    90p  =;=  10'  17".    Correction  -0'  55". 

Azimuthal  reading  for  magnetical  meridian,  May  3,  3*" : — 


O  t  i< 


Suspension  direct    319  17  24 

„         reversed    318  51  48 

Beading    =  319     4  36 

Torsion  correction    . . . .  =  0  55 

319     3  41 

Eeading  for  mark    320  27    2 

Excess  of  reading  for  mark 1°  23'  21" 

The  azimuth  of  the  mark  was  found  as  follows : — 

1874,  May  3 152  26  49 

May  5    152  26  41 

The  variation  on  May  3,  3^=28°  56'  36".      The  results  for  Port 
Nolloth  are  therefore  as  follows : — 

V= Variation  =28°  55'  3C"  |  mean  of  results  for  AprU  12 

[     and  May  3. 
X  S3  Horizontal  force   =  4*4464 
m= Magnetic  moment  =  0*4264 
D=:Dip  =53°  22'  46" 

FsTotal  force  =  7-4540 
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KLiPFoyTECJ  Station. 

pproximato  longitude 1*  10"  45' 

pprorimato  south  latitude 29°  14'  15" 

1  was  ou  a  mountain-range  about  3000  feet  above  the  level 
[t  was  near  Mr.  Hall's  cottage,  but  sufficiently  removed 
id  all  danger  of  disturbances  from  the  iron  ia  or  about  tie 

Dip  Obsen-atiom.     Needle  A,  B,  Dover. 

April  14.  10^     A,  South 53  15  35 

A,  North 53  28  17 

Dip    =  53  21  56 

J~<ir'iation  E-vneriments. 
•  30".     Temperature  77°'2.     Torsion  correction  insensible. 
liignet  :— 

il  reading,  suspension  direct    90  52  42 

reversed    92     8  20 

il  reding  for  magnetic  meridian 91  30  31 

il  reading  for  magnetic  axis  of  vibr.itiou- 
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Vibratitmi. 

Three  sets  were  taken ;  the  first  two  were  observed  at  unequal  inter^iilB, 
and  were  made  somewhat  under  difficulties.  Some  ostriches  bore  down 
upon  the  instrumeat  and  hod  to  be  continually  driven  from  it.  The 
mean  of  the  first  two  seta,  however,  agrees  very  closdy  with  the  Ihird. 

From  the  first  two  sets  r=5'-0608. 

The  last  set  gave  : — 

1874,  April  15,  ll*  6".  Temperature  80°- 2.  90j)=3' 53".  r,=  5*'O000, 
r,=  5*-0603,  orr=5^0602. 

The  value  r=6*'0606  has  been  adopted. 

Defieelioits. 
April  15,  d\    Temperature  87°-2. 

{10  48  Ss'l 
10  55  28  p=l'^52'48". 
10  54  4oJ 
Hence  for  the  Elipfontein  station  we  have : — 

Variation V=  28°  23'  21" 

Horizontal  force  ....   X=s     4'4343 
Magnetic  momeut  . .  m=     0-4279 

Dip D=  53°  21'  56" 

Total  force F=     74312 

The  total  eclipse  of  the  sun  was  observed  from  this  station  on  April  10. 
The  sky  was  perfectly  clear  froui  clouds  during  the  whole  day. 

OoKiEP  Station. 

Approximate  longitude     1"    11"  33' 

Approximate  south  latitude 29°  36'    15" 

This  station  was  3059  feet  above  the  level  of  the  sea.  This  height;  is 
derived  from  Mr.  Hall's  levelling.  The  instruments  were  placed  as  near 
Mr.  Carson's  house  as  would  insure  freedom  from  any  disturbing  effect  of 
the  iron  about  the  house.  Ookiep  is  surrounded  by  mountains,  which 
impeded  very  early  or  late  observations  of  the  sun  from  the  station 
chosen.  It  is  the  chief  mining  station,  at  present,  of  the  Cape  Copper- 
Mining  Company. 

Dtp  Obseri-ationi. 

1874,  AprU  18, 11".     A,  South    53     !)  5y 

A,  North    53  34  44 

Dip =  53  22  21 

TOL.  zxm.  2  u 
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ndactious;  and  I  fear  that  on  one  of  the  days  (April  20  or  22)  the 
theodolite  must  have  been  slightly  disturbed  in  changing  the  sun-ehado 
after  the  obaerrationB  <£  the  sun  and  before  the  obserrations  of  the 
marks.  I  am  not,  hotrever,  aware  of  nny  reason  for  aBsuining  that  such 
a  disturbance  actually  did  take  place,  aud  I  have  taken  the  meaa  of  the 
two  determinations  as  the  true  result. 

Variation  on  April  20    1C5    5  16 

43  17  fid 

208  23  42  or  28°  23'  42" 

Variation  on  April  22.   Kokerboom 183  30  21 

24  43  2C 

208  19  47  or  28"  19'  47" 

Chimney  (2)    . .   165    5  40 

43  14     7 

208  10  53  or  28°  19'  53" 

Chimney  (1)    ..   166  31  20 
41  40  54 

208  18  14  or  28"  18'  -14" 

Variation,  April  22 28°  19'  18" 

The  refluJti  for  the  Ooiiep  station  are : — 

Variation V=  23  21  30 

Dip D=  53  22  21 

Horizontal  force  ....  X=  4-4252 
Magnetic  moment  ..m=  04282 
Total  force F=     7-4171 

Ohanoe-Ettee  Statios. 

Approximate  longitude 1*   12"  50' 

Approximate  south  latitude  ....  28°  53'  7" 
The  observations  were  made  near  New  Baman's,  Niabetbath,  or  Schnyt« 
drift.  These  three  names  are  given  to  lis  Iho  particular  drift  to  which 
reference  is  made.  It  was  a  unrrow  gorge,  surrounded  by  mountains  of 
some  considerable  height,  some  rising  to  3000  and  4000  feet.  The  height 
of  the  station  above  the  sea  appeared,  from  barometrical  detenninations, 
to  be  about  780  feet.  A  mouutaiii-pass,  of  about  750  feet,  separated 
the  river  from  the  Bushman  flats.    These  flats,  in  this  neighbourhood, 


■i}  the  Bea-level.     The  poaitioo  was  not  altogether  a  favour- 
i^ignetical  obsBr  vat  ions,     I  had  but  little  choice  of  stations, 
(te  locul  magnetic  disturbances  in  the  observations  madd 
nt  the  elements  might  haie  been  fouad  to  have  differed 
isidembly  with  a  comparutiveiy  small  shift  iu  geographical 
iLiulil  tliereforo  have  been  glad  to  have  Bupplemeuted  these 
lith  a  set  on  the  Bushman  flats,  the  bed  of  a  recent  sea 
d  islands  (kopies);  but  this  could  not  have  been  done  with- 
■angements  for  the  supply  of  water. 

Dip  Ohservationi. 

.     A,  South     53  39  18 

A,  North    54     0  14 

Dip=53''  49'  46", 
lan  that,  obtained  at  any  other  slatioii  by  about  2'. 
;  was  determined  near  noon. 

Variation. 

il  reading  of  raark    266  33  45 
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The  results  for  this  station  are : —  o     ,    „ 

Variation    V=  28  27  24 

Dip D=  63  49  46 

Horizontal  force  . . .  .X=  4*3798 
Magnetic  moment  ...  .ma  0*4271 
Total  force F=     7*4210 

The  numerous  observations  for  time  at  the  different  stations  have  not 
been  given,  as  of  no  interest. 

I  arrived  in  Namaqualand  on  April  9,  by  the  Union  steamship 
^Namaqua/  Captain  Barker,  reached  Port  Nolloth,  on  my  return,  on 
the  evening  of  Wednesday,  April  29,  but  did  not  sail  until  Wednesday, 
May  6,  reaching  the  observatory  on  Saturday,  May  9. 

XVI.  ''  On  the  Proportions  of  the  several  Lobes  of  the  Cerebrum 
in  Man  and  in  certain  of  the  higher  Vertebrata^  and  on  an 
attempt  to  explain  some  of  the  Asymmetry  of  the  Cerebral  Con- 
volutions in  Man/'  By  John  Marshall^  F.R.S.,  F.R.C.S.E., 
Professor  of  Surgery,  University  College,  London,  &c.  Re- 
ceived June  17,  1875. 

1.  I  desire  to  communicate  to  the  Royal  Society  the  fact  that  I  have, 
by  severing  the  cerebral  hemispheres  in  certain  definite  directions  in 
Man,  and  also  in  some  of  the  higher  Vertebrata,  and  by  then  weighing 
the  separated  portions,  not  only  arrived  at  some  interesting  and  im- 
portant results  as  to  the  relative  size  of  those  portions  in  different 
animals  and  in  Man,  but  I  am  enabled  to  state  that  this  method,  applied 
to  the  brains  of  individuals  of  different  race,  sex,  age,  education,  and 
occupation,  seems  likely  to  furnish  a  means  of  investigating  individual 
pecidiarities  in  the  human  cerebrum. 

I  propose  shortly  to  communicate  my  results  to  the  Society. 

2.  I  have  likewise  made  numerous  observations  on  the  convolutions 
of  the  human  brain  with  the  view  of  explaining  their  symmetry  in  certain 
regions,  and  their  asymmetry  in  others.  Li  endeavouring  to  trace  more 
particularly  the  causes  of  the  asymmetry  of  the  convolutions  which  pre- 
vails in  Man,  I  have  been  led  to  believe  that  some,  at  least,  of  this  is 
due  to  the  right-handedness  of  Man. 

I  find,  on  studying  a  large  number  of  human  cerebra,  that  there  are 
stronger  evidences  of  essential  asymmetry,  as  distinguished  from  what  I 
would  term  non-essential  asymmetry,  in  the  immediate  neighbourhood  of 
the  left  fissure  of  Rolando,  and  next  to  this  part  in  the  right  parietal 
lobule. 

There  are  certain  secondary  essential  asjrmmetrical  conditions  which 
may  be  pointed  out,  and  besides  this  many  non-essential  and  very 
variable  ones. 


■ufRce  of  Stature  on  tVeight  of  Encephalon,      [June  17, 

I  be  givi'D  ill  support  of  Iheee  propositions  from  the 
pf  fcolol  bmiuB  and  the  braina  of  idiots,  the  former  of  which 
irkable,  etirlif,  and  special  tendency  to  deviations  in  sTm- 
|m?ighbourhood  of  the  left  fissure  of  Rolando. 

a  merely  a  preliminary  notice  of  a  future  communication. 


I  the  Influence  of  Stature  ou  the  Weight  of  the  Ence- 
land  its  parts  in  Man."  By  John  Maiusiiali.,  F.R.S., 
Ht.E.,  Professor  of  Surgery,  University  College,  London, 

|eceived  June  17,  1875. 

^  for  aL-erliiiii  Bpei'inl  purposi',  tu  dottTinine  the  ijifluence 

y.  wi'i{;ht  of  the  ence[)halon  and  its  parts  in  Man,  I  have, 

liaent  and   ready  assistance  of  Dr.  Eobert  Boyd,  further 

I  MS.  records  of  the  numerous  data  ucc'umulat«d  by   him, 

i  framed  Iiis  tables  ]>ublished  in  the  Fhilo3oi)hioal  Trana- 

:,  that,  as  might  be  expected,  an  increase  of  stature  is 
aso  in  the  absolute  weight  nf  (lie  encephalon  or 

,i.'tbf-r,  tlm  total  increase,  willi  a  mean  raiiiX'"  uf 
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sexual  difference  in  the  weight  of  the  male  brain  oyerridei  the  influence 
of  stature,  or  Bubsists  in  spite  of  his  greater  stature,  which  has  a  tendency 
to  diminish  his  proportionate  amount  of  brain. 

Further  comparisons  show  that  the  stature  ratio,  aa  it  may  be  called, 
diminiahea  with  the  height  leas  markedly  and  less  constantly  in  the 
case  of  the  cerebrum  than  in  the  cose  of  the  cerebellum,  which  latter 
orgui,  therefore,  obeys  the  influence  of  stature  more  exactly  and  impli- 
citly, so  far  as  regards  its  relative  proportion  to  the  body. 

3.  It  becomes  evident,  and  may  be  shown,  that  all  estimates  of  other 
influences  regulating  the  brain-weights  in  Man,  whether  these  be  sex, 
age,  occupation,  education,  or  disease,  are  liable  to  error  unless  the  influ- 
ence of  stature  be  first  eliminated.  Instances  of  this  statement  are  easy 
to  find. 

:  4.  It  may  in  this  mode  be  demonstrated  what  is  the  true  influence  of 
sex,  age,  disease,  and  other  modifying  causes. 

5.  Lastly,  in  this  way  alone  can  we  arrive,  as  it  seems  to  me,  at  a 
correct  appreciation  of  that  residual  cause  of  peculiarity  or  deviation 
in  the  weight  of  the  encepholon  and  its  parts,  especially  of  the  cerebrum, 
which  may  be  called  its  proper  K-tiijht=variation,  as  an  independent 
or  quasi-independent  organ. 

6.  This  residual  variation,  it  may  be  thus  shown,  is  far  larger  than  any 
other,  a  &ct  obviously  of  the  highest  interest  and  importance. 

In  support  of  these  propositions,  and  others  of  greater  detail,  I  propose 
to  m^e  a  lengthened  communication  hereafter. 


XVIII.   "  On  a  General  Method  of  producing  exact  Rectilinear 
Motion  by  Linkwork."     By  A.  B.  Kemfe,  B.A.,  of  the  Inner 
Temple,  late  Scholar  of  Trinity  College,  Cambridge.     Commu- 
nicated by  J.  J.  SylvesteRj  F.R.S.     Received  June  4, 1875. 
Since  the  invention  by  James  Watt,  in  1784,  of  the  3-bar  linkwork 
known  as  "Watt's  Parallel  Motion,"  which  gives  an  approximate  recti- 
linear motion,  many  attempts  have  been  made  to  obtain  a  more  perfect 
solution  of  the  problem  how  to  obtain  accurate  rectilinear  motion  by  means 
of  linkwork.     Professor  TchebichefF  succeeded  in  obtaining  a  3-bar  link- 
work  giving  a  much  closer  approximation  to  a  true  result ;  but  in  his  case, 
as  in  that  of  others,  the  solution  is  only  approximate,  and  it  may  be,  in 
fact,  shown  that  with  3  bars  an  arcurnte  result  cannot  be  obtained.     It 
was  not  until  1864  that  the  problem  was  solved  i  in,  that  year  M.  Peau- 
cellier  made  his  memorable  discovery  of  an  accurate  7-bar  solution ;  and 
in  1874,  when  the  subject  was  bronght  prominently  forward  in  England 
by  Professor  Sylvester,  Mr.  Hart,  in  a  paper  read  before  the  British  Asso- 
ciation, gave  a  solution  by  means  of  o  Imrs.     Both  these  linkworks,  as  is 
now  well  known,  depended  upon  the  inversion  of  a  drde  with  respect  to 
H  point  on  its  circumference.  ^^ 


Mr.  A.  B,  Kcmpe  on  the  production  of        [Jiiuc  17, 

s  apparatus  is  shown  in  fig.  10.     PO,  OK,  KD.  DP 

,ra  joLntetl  together  at  their  extremities  ;  P  B,  K  B  are 

liliial,  but  unequal  to  the  four  othora ;  they  are  joint«d  to 

I  ftud  K  and  to  a  fixed  pivot  at  B.     It  is  then  easily  seen 

lliis  linkage*  is  deformed,  B,  O,  D  remain  in  a  straight 

iroduct  BO,  B  D  is  constant.     Thus  if  D  be  made,  by 

r  A  D  jointt'd  to  the  fixed  point  A,  whose  di^t.-uice  from 

Ito  deaeribe  a  circle  through  B,  the  point  O  will  describe 

I  the  circle — that  is,  the  straight  line  O  L  perp^dtcn 

LiparatuB  is  shon-n  in  fig.  15.     For  the  six  bars  B  P,  Bfl 
K,  K  O  of  M.  Peaucellier  in  fig.  10  he  subBtittrtM  1 

BC=B'C',     CD  =  C'D', 

[■  points,  P,  O,  V,  on  a  line  parallel  to  C  C  j  theae  ; 

ige  be  deformed,  lie  in  a  Btrnight  line,  and  the  p 

a  constant. 

V  made,  by  the  bar  V  U  equal  to  P  U  and  pivot«d  at  ITd 
?  pasaing  through  the  fixed  point  P,  as  in  the  i 
;  liiilnvork,  O  describes  the  straight  line  OL  i 

ecture  on  ^f.  PpaiiPellJer'a  discovprT  ilt^lirered   liy  I 
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The  property  alluded  to  is  this : — 

ITtt  comnM  of  At  oppoiile  aagUi  of  an^  qwidriJaleral  viho$e  tida  are 
of  Miutaat  lengOi,  but  wJtote  anghi  are  variable,  bear  a  linear  reltUiott  to 
eaA  other. 

§  1.  In  fig.  1,  ABGD  is  any  qiudrilatsFal  of  which  the  sides  AB, 
B  C,  G  S,  D  A  are  of  t^e  lengths  a,h,e.,d  respectively. 


Fig.l. 


Then  it  is  clear  that 

a'+6'-2rt6cosB=c»+£P-2edcOBD (1) 

That  is,  there  is  a  linear  relation  of  the  most  general  character  between 
the  cosines  of  the  rariable  angles  B  and  D. 

Before,  however,  this  property  can  be  taken  EKlvantage  o£  something 
more  is  required ;  the  angles  whose  cosines  bear  a  linear  relation  to 
each  other  are  the  opposite  angles  of  a  closed  quadrilateral ;  and  for  our 
purpose  it  is  necessary  that  they  should  be  the  angles  at  the  base  of  an 
open  trilateral — t. «.,  to  employ  the  language  of  linkwork,  the  angles  made 
with  a  third  bar  by  two  bars  which  are  jointed  to  it.  To  effect  this 
traosformation  let  the  second  quadrilateral  A  j9  y  J  be  constructed  equal 
in  every  respect  t«  A  B  C  D,  and  having  its  sides  J  A,  0  A  collinear  with 
the  sides  B  A,  D  A  of  A  B  C  D,  but  placed  in  a  reverse  position  so  as  to 
be  the  image  of  A  B  C  D.  This  new  quadrilateral  may  be  termed  the 
"conjugate  image"  of  ABCD,  the  whole  figure  forming  what  may  be 
termed  a  "  self-conjugate  sextilateral." 

VOL.  XX III.  2  u* 


Mr.  A.  B.  Kempe  on  Ike  production  of        [June  17, 

BhAt  the  angle  i  is  equal  to  the  angle  D ;  thus  we  have  th« 
■  of  the  open  trilateral  CBS^makingaDgles  with  A  B  whose 
\  linear  relation  to  each  other  howeTer  the  figure  be  dr- 
iver, the  relation  is  aa  angle  relation,  it  ie  nnneoessary  that 
limage  should  be  equal  to  the  original  quadrilateral;  for  it 
jB!GTy  be  constructed  similar  to  A^yi  the  angle  D'  ia 
Ito  the  angle  f,  and  we  have  the  sides  C B,  CD'  making 
1  B  whose  cosines  bear  a  linear  relation  to  each  other.     This    , 
lults  more  general ;  and  we  are  moreover  able  to  m^e  the 
~r,  or  the  points  D'  and  B,  coincide  if  necessary.     This 
ax  of  figure,  consisting  of  two  quadrilaterals,  one  of  whiiji 
1  or  reduced  positive  or  negative  image  of  the  other,  raay 
Ipriately  termed  a  "  self- conjugate  sextilatenil,"  the  qnv 
^g  still  called  the  one  the  "  self-conjugate  im^e"  of  the 

Bt  the  linkage  in  fig,  2  be  constructed, 
Fig.  2. 
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and 

BTfm,a-kd. 
Thufl  NN'-BD'-BW+D'N'* 

— (a-ihl)— ^  {2<i(  ooe  B— 2  MfoM  D}, 
by(l) 

-C«-W)-^{(«'+*0-(e'+<P)}. <2> 

aeotutant.    On  tbe  other  hand,  FN—FM' is  in  genenl  wiable. 

The  linfaige  in  fig.  8,  whidi  will  aaaume  innomenble  forms  by  giving 
different TBloes  too, &,e,d^  and  )t,  is  tiie fondameatal  linkage  upon  which 
the  TariouB  linkvorka  heie  discuased  depend.  As  tJie  same  lettering  will 
be  presrared  thron^^ioat  the  diagmns,  the  fundamental  linkage  ma;  be 
at  onoe  reoognised  in  eadi  figure  showing  ita  Tarious  adaptationa. 

"Bac  deamees  the  ban  are  dmoted  by  thick  lines,  the  jointa  by  round 
Bpote ;  when  a  bar  bectmiea  fixed  so  that  ita  joints  are  fixed  pivota,  the 
bar  is  denoted  hj  a  brtdcen  line  and  the  pivots  by  drdes  round  the 
spots.  When  points  in  general  separate  are  made  ooinodent,  Ute  tetters 
denoting  all  tite  coincident  points  are  bracketed  together.  It  is  found  oou- 
venient  to  collect  the  diiCerent  linkworks  into  four  groups,  a  sepaiste 
section,  numbered  to  oorresptmd  with  the  figure,  being  devoted  to  each 
separate  linkwotl  described. 

I.  $  3.  Take 

so  that  If  N*-^. 

Kg.  8. 


Th«i  if  the  bar  AB  be  fixed  and  two  bars  PO,  FO  be  added, 
PO=PB,    PO=Fiy; 
O  clearly  lies  on  A  B  however  the  linkwork  be  deformed,  and  Its  locus  ie 
ttierefore  the  straight  line  A  B. 

*  In  tlw  fi(un  IK  N'  it  oagitin. 

2o»2 


1 

{■^B^^^l 

Ml 
iu  tbis  h 

jrk  thm 

r.  A.  B.  Kempe  on  the  production  < 

ist  liiikwork  we  make 

b=c,  k-=-,  theu  A=6, 

P  foiucides  with  C, 

F      >,       „   c, 

B'        .,           ..     li. 

lie  liukwork  of  §  3,  if 

>/         [Juiie  17 

1 

■ 
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to  B  A  in  opposite  directionB ;  and  the  linkwork  is  one  of  those  givaa  by 
me  iu  the  '  Messenger.' 


§  7.  This  case  does  not  strictly  come  under  th«  sam*  head  as  those 
coming  before,  but  is  an  exceptional  one. 

rig.  7. 


Since  P  and  F  in  §  5  lie  rertically  the  one  over  the  other,  it  is  clear 
that  if  the  links  FO=FB,  FO>oPB  be  added,  0  lies  on  the  straight 
line  O  B  perpendicular  to  A  B,  and  thus  0  B  is  the  locus  of  O. 

II.  §  8.  Make  it  ^  —  in  the  fundamental  linkage,  so  that  B  and  D' 

coincide. 

Fix  A  B,  add  the  bars  B  P  O,  E  F  0',  making 

EP-PO=FD', 
BF-=FO'=PB, 


Mr.  A.  B.  Kempe  on  the  proiiMlioa  of 

BPOiapaisUeltoP'II', 
EPff        „        „    PB. 

L,  0'  L'  be  drawn  perpendicular  to  A  B, 

NL=>rD', 

N'L'  =  B  N. 
BL=B'L'=NN',  a  conBtent. 


Fig.  8. 


sir, 


4 
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Dnw  0  L  perpendicular  to  A  B. 

Fig.  9. 


ThenNL— N'D', 

Therafora  BL^BN+NL— NN",  a  coiutuit. 
Thiu  the  lociu  of  O  ii  tiia  stnij^t  tine  O  L  perpendicular  to  A  B. 
§  10.  Now  in  the  last  linkwwk  make 
a—d. 
Then  B  coincddea  witii  D*, 
IXK-CB, 

FO  -OK-KD— DC, 
and  the  Hokwork  becoiaee  that  of  M.  PMncellier. 

Kg.  10. 


IV.  §  11.  Taking  the  fundamental  linkage  in  its  moet  general  fonn, 
fii  the  point  P  on  a  pivot.  Now  if  the  bar  A  B  be  made  to  remain 
alwajB  parallel  to  the  fixed  Une  PS,  dnce  NN*  is  constant,  P'  will  move 
on  the  itraight  line  F*  L  perpendicular  to  F  8. 

The  parallelism  of  A  B  is  effected  most  obWonsIy  by  adding  the  bar  S  T 
equal  to  P  B,  F  8  being  equal  to  B  T.  Other  methods  may,  however,  be 
employed ;  for  if  C  A  be  joined  cutting  F  S  in  IT,  IT  is  a  fixed  point ;  and 
if  IT  V  be  drawn  parallel  to  C  D,  17  V  is  constant  and  V  is  a  fixed  point 
on  CD.    So  if  V  W  be  drawn  paralled  to  CD,  TT  W  is  ccnutant  and  W 
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$  13.  In  the  linkrcM^i  of  §  11  nuke 
ii=e,  h^—d,  X=&,  =:it— ,  and  nuke  Tf  uid  T  coincide.    Then 
8,  L  comcida, 

^.T       „ 
<7,  P"  O  „ 

B*.  D.     ,. 
sad  the  b&rs  B  G,  C  C  make  eqoal  anglea  with  A  B  in  opposite  directions ; 
and  the  linkwork  is  one  of  those  pTQn  by  me  in  the  '  Messenger.' 

Fig.  13. 


§  14.  The  peculiar  form  of  the  fundamental  linkwork  employed  in 
the  hut  caae  may  easily  be  seen  to  be  really  the  same  as  was  tis^d  in  §  5. 
From  the  property  of  the  equal  inclination  of  the  bars  B  C,  ly  C  to  B  A, 
another  form  of  linkwork  maybe  obt^ed  which  doen  not,  strictly  speaking, 
come  under  this  gronp,  but  is  an  excpptional  one. 

Fig.  14. 


^^^H 

J 

■__^^^V 

"^^l 

■ 

^a^^H 

Mr.  A.  B,  Kempe  on  the  produetim  of         [June  17, 

liic&l  to  any  point  Q  and  a  point  M  is  taken  on  B  C  ench 
Q.     A  Bis  filed.     The  eqnni  bare  M  0,  Q  0  are  added, 
ly  moves  on  the  straight  0  L  perpendicular  to  A  B,  B  L 
J  L  D'.     This  UnlswoA  wa.  given  bj  me  in  the  'MeiH 

le  linltwork  o£  §  11  replace  the  bar  8  T  by  the  bar  UV. 
Fig.  16. 
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deMrifaea  a  etraight  line  O,  B  throagh  B,  the  angle  0,  B  0,  bdng  one 
half  of  the  aogle  0,POj.  This  greatly  adds  to  the  UBefuhiesa  of  the 
linkwf^u. 

Fig.  16. 


It  is  not  suggested  that  the  linkwtn'ks  here  givea  exhaust  7'bar 
line  linkworka;  indeed  it  is  obvious  tliat  many  of  them  are  suscep- 
tible of  variBtions.  Enough,  however,  has  been  shown  to  demon- 
strate the  important  part  which  the  property  of  a  quadrilateral  combjnod 
with  the  principle  of  Ute  conjugate  image  stated  at  the  outset  plays  in  the 
qoeetioa. 

I  have  strictly  confined  myself  in  this  paper  to  the  consideration  of  the 
rectilinear  motion  of  a  point.  The  principles  involved,  however,  are  appli- 
cable to  many  other  problems,  as,  for  example,  the  motion  of  bars  every 
point  in  which  movee  in  one  of  a  series  of  parallel  straif^t  lines  or  in  the 
same  straight  line.  By  means  of  the  peculiar  form  of  the  fundamental 
linkage  given  in  figs.  6,  13,  14,  valuable  results  in  the  reversal  or  multi- 
plication of  angular  motion  may  be  obtained,  and  a  linkage  of  lin-f  2  bars 
may  be  constructed  which  will  divide  any  angle  into  n  equal  parts.  Some 
of  these  questions  have  been  treated  of  by  me  in  my  paper  in  the 
'  Messenger  of  Mathematics,'  already  referred  to,  which  was,  however, 
written  before  I  obtained  the  geneial  results  here  given.  The  exten- 
sion of  these  results  to  other  problems  is  reserved  for  future  inves- 
tigation. 


^^HL...B 

Messra.  H.  E.  Roacoe  and  B.  Stewart  on          [June  17, 

he  Heat  of  Sunshine  at  Loadou  during  the  twenty-four 
55  to  1874,  aa  registered  by  Campbell's  Method."   By 
loscOE,  F.R.S.,  and  B.  Stewaet,  F.E.S.     Received 

t,  1875. 

leating  effect  of  the  Bun  in  the  following  maimer  (de- 
>  Report  on  the  Wanning  and  Ventilating  of  Dwelhngs, 
rder  of   the   House   of   Commons,   26th    August,    1857, 

irical  cavity  was  made  in  a  block  of  wood,  and  n  epherical 
a  to  be  placed  in  this  cavity  in  such  a  position  that  while 
cided  with  the  centre  of  the  parity  its  chief  focus  «-fts  at 
the  hemispherical  concave  surface,  the  exact  point  being 
ermined  by  the  direction  in  which  the  rnya   struck  the 

therefore,  the  sim  shone,  a  portion  of  the  wood  would  be 
burnt  out  by  his  concentrated  beams ;  and  inaainucb  as  the 
y  cliangea  his  position  not  only  from  hour  to  hour,  but 
ay,  it  follows  that  different  portions  of  the  wood  will  be 
t  only  frOTn  one  hour  to  another,  but  also  from  one  day  lo 
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TablsI. 
Individual  Detenniuatea  of  the  Burnt-out  Sprces. 


SMo. 

FSnt 

B«i»i>a 

Meu, 

Dec.  1854  to  June  1855 

8-045 

7-570 

7-808 

June  1855  to  Dec  1855 

3-580 

3-320 

3-450 

Dec.  1855  to  June  1856 

1-285 

0-905 

1-095 

June  1856  to  Dec.  1856 

1-330 

1-115 

1-223 

Dec.  1850  to  June  1857 

1-085 

1-100 

1-093 

June  1857  to  Dec.  1857 

0-360 

0-529 

0-445 

Dec.  1857  to  June  1858 

.      19-591 

19-376 

19-484 

Jane  1858  to  Dec.  1858 

.      23-210 

22-697 

22-954 

Dec.  1858  to  June  1859 

20-795 

20-510 

20-663 

June  1859  to  Deo.  1859 

.      31-296 

30-440 

30-868 

Dec.  1859  to  June  1860 

.      13-115 

12-8C5 

12-990 

June  1860  to  Dec.  1860 

.      19-340 

19-625 

19-433 

Dec.  1860  to  June  1861 

.      10-580 

10-205 

10-393 

June  1861  to  Def.1861 

.      16-920 

17-030 

16-975 

Dec.  1861  to  June  1862 

.       8-578 

8-670 

8-624 

June  1862  to  Dec.  1862 

.      20-600 

21-170 

20-885 

Deo.  1862  to  June  1863 

6-780 

6-040 

5-910 

June  1863  to  Deo.  1863 

.      24-310 

24-100 

24-205 

Dec.  1863  to  June  1864 

3-990 

4-260 

4-120 

June  1864  to  Dec.  1864 

.      15-290 

14-985 

15-138 

Dec.  1864  to  June  1865 

.      10-400 

9-741 

10-071 

June  1865  to  Dec.  1865 

18-180 

17-900 

18-040 

Dec.  1865  to  June  1866 

6-600 

6-970 

6-785 

June  1866  to  Dec.  1866 

.      19-225 

18-785 

19-005 

Dec.  1866  to  Juno  1867 

9-820 

9-750 

9-785 

June  1867  to  Dec.  1867 

.      23-425 

23-495 

23-460 

Dec.  1807  to  June  1868 

15-430 

15-440 

15-435 

June  1808  to  Dec.  1868 

13-070 

13-540 

13-755 

Dec.  1868  to  June  1869 

6-820 

6-720 

6-770 

June  1869  to  Dec.  1869 

24-105 

24-780 

24-443 

Dec.  1869  to  June  1870 

9-750 

9-750 

9-750 

June  1870  to  Dec.  1870 

.      22-170 

21-830 

22-000 

Dec.  1870  to  June  1871 

.      15-700 

15-660 

15-680 

Junel871  toDec.  1871 

.     J6-880 

16-690 

16-785 

Dec.  1871  to  June  1872 

5140 

5-200 

5-170 

June  1872  to  Dec.  1872 

14-550 

14-460 

14-505 

Dec.  1872  to  June  1873 

3-645 

3-780 

3-653 

June  1873  to  Dec.  1873 

.      25-470 

25-606 

26-538 

Dec.  1873  to  June  1874 

9190 

8-620 

8-905 

June  1874  to  Dec.  1874 

.      20-745 

20-400 

20-573 

Before  proceeding  further,  it  ^1  be  well  to  state  that  the  fint  six 
iMultA  of  tiie  table  were  obtained  by  means  of  a  water  lens,  while  those 
tliat  follow  were  obtained  by  a  glass  lens.  The  fint  six  are  not  there- 
fore c(Hnpaiable  with  thoee  that  follow. 


^^^^H 

^^1 

HHB^^H 

Mte^a^^^^H 

^^^^^^Ht 

lessrs.H.E.Koacocanrf  B.Stewart  OH         [Jnael7, 

ndeavuur  to  compare  the  heat  of  eunshiue  betneen  tbe 
antl  the  ensuing  Bummer  solstice  with  that  between  the 

given  in  the  foUowiBg  Table  ;— 

Table  II. 
le  heat  of  Bumhine  during  the  six  mouths  preceding  tho 
with  its  heat  during  tbe  sii  mouths  following  tbe  same. 

Year 

Uoot  of  the  Sun  during  Itie 

Prewdiug 

Bulatice. 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1SC4 

7-808 
1-095 
1-093 
19-484 

20-653 
12-990 

10-393 
8-024 
5-910 
4-120 

3-450 
1-223 

0-445 
22-954 
30-808 
19-433 
16-975 
20-885 
24-205 
15-133 
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tkt  Heat  qf  Snuhme  at  London. 

TABLlin. 

ConttuiiiDg  yearl;  values  of  Hie  best  of  SuiBbme. 


H<MndM«. 

Ajnoimt. 

Hnndmte. 

Amount. 

June  1855   ...'. 

. . . .     11-268 

June  1865    . . . . 

. . . .     28-111 

Dec.  1856    .... 

.  . .       4-645 

Dec  1866    . . . . 

....     24-826 

June  1856    .... 

. . . .       2-318 

June  1866    .... 

. . . .     26-790 

Dee.  1866    .... 

....       2-316 

Dec.  1866    . . . . 

. . . .     28-780 

Jiiiiel857   .... 

. . . .       1-638 

June  1867    .... 

. . . .     33-245 

Dec  1857    .... 

Dec.  1867    .... 

. . . .     38-895 

June  1868    .... 

....     42-438 

June  1868    . . . . 

....     29-190 

Deo.  1868    .... 

. . .     43-607 

Dec.  1868    .... 

. . . .     20-625 

June  1869    .... 

. . .     61-521 

June  1869   .... 

...     31-213 

Dec  1859    .... 

...     43-858 

Dec.  1869    .... 

. . .     34-193 

JuDel860    .... 

. . .     32-423 

June  1870   .... 

...     31-750 

Dec  1860     .... 

. . .     29-826 

Dec  1870    .... 

...     37-680 

Jniiel861    .... 

. . .     27-368 

June  1871    .... 

...     32-465 

Va.  1861     .... 

. . .     25-599 

Dec.  1871     .... 

. . .     21-965 

June  1862    .... 

. . .     29-509 

June  1872    .... 

. . .     19-675 

Dec.  1882    .... 

. . .     26-795 

Dec.  1872    .... 

. . .     18-168 

June  1863    .... 

. . .     30-115 

June  1873   .... 

. . .     29-191 

Dec  1863    .... 

. . .     28-325 

Dec.  1873    .... 

...     34-443 

June  1864   .... 

. . .     19-258 

June  1874   .... 

. . .     29-478 

Dec  1864    .... 

. . .     25-209 

The  first  five  of  these  values  must  be  treated  b;  themselTes,  inasmuch 
as  the  lens  was  a  water  oae.  They  point  to  a  minimum  of  scJar-heat 
action  in  1856  and  1S67 ;  this  agrees  veiy  well  witlk  the  minimum  of 
eun-spot  action  which  took  place  in  1856. 

Of  the  remiuDing  thirty-three  values  the  mean  is  30'468. 
Now  there  was  a  maiimam  of  sun-spot  frequency  in  1859  and  1870, 
and  a  minimum  about  the  end  of  1866  or  beginning  of  1867. 

Let  ua  take  the  values  of  sun-heat  action  about  these  dates,  and  see 

if  there  be  any  correspcmdence.    We  have  sun-heat  action,  meau  date 

Dec.  1858=43-607 

June  1859=51-521 

Dec.  1859=43-858 

Mean  of  the  above  4G-329, 

a  value  which  is  greater  than  the  averse.    . 

Agun  we  have  sun-heat  action,  mean  date 

Dec.  1869=34-193 

June  1870=31-750 

Dec.  1870=37-680 

The  mean  of  which  Is 34-541, 

which  is  also  greater  thau  the  average,  although  the  difference  is  not  so 
decided. 

Lastly  we  have  sun-heat  action,  mean  date 
June  1866=25-790 
Dec.  1866=28-790 
June  1867=33-245 

The  mean  of  which  is    29-275, 

which  is  less  than  the  average. 
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B  apfienr  that,  aa  far  ax  we  cau  judge  from  these  olwer-    • 
;  more  solar  beat  at  Loadoti  in  yearH  of  luasimum  than  in 
urn  tUstiirbaiiM. 

\'ery  well  with  a  remark  made  by  Messrs.  De  la  Rue, 
owey,  the  Kew  Obaervera,  to  the  effect  that  the  number 
1  the  year  oa  which    solar  pictures  might  be  taken  ap- 
reater  iu  yearu  of  maximum  than  in  years  of  minimuiB 
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of  the  position  of  the  standard  compass  on  board  ship, 

id  or  iron,  is  one  of  the  greatest  importance  with  respect 
:iuu.     Ill  II.M.  Khips  It  is  oue  of  the  principal  duties  o( 
dejjt  of  Compasses  to  secure  the  best  possible  position  fiw 
md  wht-n  that  poaitiou  has  been  det(.-nninod,  to  aacertun 
and  vertical  components  of  the  total  magnetic  force  re- 
le  iron  used  iti  the  construction  arid  equipment  of  every 
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'  tocU.  In  theae  papers  may  be  traced  in  tam  the  effects  of  adding  steam- 
ffligines  and  boilers,  iron  beams,  and  armour  plating ;  but  until  lately  no 
good  opportunity  has  occurred  for  accurately  defining  the  action  of  iron 
mute  in  producing  compass  disturi)ance  from  observation.  The  case 
referred  to  is  that  of  H.M.S.  '  Undaunted ;'  and  when  about  to  visit  that 
ehip  in  the  ordinary  couree  of  my  duties  in  the  Compass  Department,  I 
■was  directed  by  the  Hydrographer  to  make  a  special  series  of  observa- 
taons  of  the  horizontal  and  vertical  forces  at  alt  three  compasses,  as  the 
lower  masts  and  bowsprit  were  of  iron. 

To  prepare  the  way  for  a  discussion  of  the  results  of  these  observa- 
tions, it  appears  necessary  to  give  a  short  history  of  the  two  principal 
Teasels  mentioned  in  this  paper,  and  also  to  go  over  some  already  well- 
trodden  ground,  whilst  taking  account  of  all  the  iron  and  the  effects  oa 
their  compasses,  until  the  question  of  the  iron  masts  alone  remains  to  be 
settled. 

For  some  years  past  there  have  been  lying  in  Sheemess  harbour  two 
wooden  frigates  of  exactly  the  same  build,  tonnage,  and  horse-power, 
namely,  the '  Undaunted'  and '  Newcastle' — the  only  important  difierence 
between  them  being  that  the  'Undaunted'  has  iron  masts,  the  'New- 
castle' wooden.  The  diagonal  iron  riders  which  form  the  principal  por- 
tion of  the  iron  used  in  construction  of  their  hulls  are  about  6  inches  in 
breadth,  |  of  an  inch  thick,  and  placed  5  feet  apart,  at  an  angle  of  45° 
with  the  decks.  They  extend  from  about  5  feet  from  the  keelson  on 
both  sides  of  the  ship  up  to  the  top  sides — the  after  liders  inclined 
towards  the  bow,  the  foremost  towards  the  stem,  the  two  sets  meeting 
and  overlapping  amidships.  These  riders,  therefore,  being  separated  are 
independent  magnets,  except  at  the  point  of  meeting  just  mentioned. 

The  '  Newcastle'  was  built  at  Depttord,  head  S.  73°  W.  (magnetic), 
and  is  a  vessel  of  3035  tons  and  600  horse-power.  The  '  Undaunted ' 
was  built  at  Chatham,  head  8.  43°  E.  (magnetic),  and  is  a  vessel  of 
3039  tons  and  600  horse-power.  Assuming  the  dip  at  the  time  of 
building  to  be  68°,  the  after  riders  of  both  ships  (near  which  the  com- 
passes are  placed)  were  not  far  removed  from  the  direction  of  the  Earth's 
Total  Force,  and  would  therefore  become  strongly  magnetized,  especially 
those  in  the  '  Undaunted.' 

A  glance  at  the  coefficient  C  of  the  standard  compasses  given  in  the 
Table  shows  at  once  which  ship  was  built  in  the  easterly  and  which  in 
the  westerly  direction ;  and,  further,  it  is  highly  probable  that  in  the 
*  Newcastle'  the  coefficient  B  would  have  been  more  nearly  in  accordance 
with  the  results  of  direction  of  the  ship  in  building,  but  for  the  masses 
of  iron  introduced  in  equipment,  such  as  engines  and  boilers,  armament, 
great  funnel,  &c.  In  fact,  as  the  compass  is  only  62  feet  from  the  stem, 
tJiere  is  a  large  excess  of  iron  before  that  position  compared  with  that  abaft. 
We  may  reasonably  assume  the  same  of  the  B  in  the  '  Undaunted'  before 
her  iron  masts  were  stepped. 
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Line  to  say  Bomethiiig  about  these  iron  maats.     The  bow- 
imast  are  so  far  removed  from  the  compaasea  that  their 
regarded  as  zero.     The  mainmast  also  being  at  a  distanoo 
>m  the   standard  compass,  its  red  and  blue  poles  must 

em  may  esiat,  but  Buificiently  small  to  be  neglected. 
ever,  we  consider  the  position  of  the  mizzenmast,  at  a 
y  8  feet  6  inches  from  all  compasses,  vre  shall  find  that  it 
dHviations  of  very  decided  amount  and  marked  eharact«r; 
aor  attention  may  be  confined  to  that  mast  alone, 
mast,  which  is  82  feet  in  length  and  24  inches  in  diameter, 
Thatham  oE  the  "  best-best "  iron,  half  an  inch  thick,  the 
)ing  making  it  1  inch  thick  at  its  thickest  parte,  and  for  the 
lis  discussion  may  be  considered  a  hollow  cylinder.      The 
in  that  form  haie  been  already  treated  on  raathematieally 
T.  Archibald  Smith,  F.E.S.,  in  the  Phil.  Trans,  Boy.  Soc 
p.  317,  318. 

ding,  the  mast  lay  in  a  horizontal  portion,  the  direvtioa 
d  S.  43"  E.,  heel  towards  the  northward,  which  was  ■ 
dtion  for  that  end  of  the  maat  to  receive  a  permanent 
d  magnetism  aa  the  riveting  was  proceeding.     When  the 
iped  in  its  nearly  vertical  position  and  subjected  to  the 
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jvas  built  at  Woolwich,  head  S.  16=  W.,  and  fitt-ed  out  at 

I  the  coufRcieuts  obtained  in  her  at  two  positioua  have  been 
|i'oa(irm  and  Biipplement  those  of  thf;  '  Newcastle,' espe- 
I  of  the  eame  construction,  although  Btnaller,  and  has 

1  and  methods  of  computation  of  these  coeffidents  are 

Ithe  Admiralty  Manual  of  the  Deviations  of  the  Compass. 

Id  compasses  are  all  within  3  inches  of  12  feet  6  inches 

r  deck,  the  steeriug-compossea  3  feet  9  inches  above  tbat 

Bt  apart. 

u  of  the  \-aiuo8  given  in  the  Table  shows  that  about  8° 
I  to  the  B  of  the  'TJndauntwl's'  staudard,  but  the  C 
?ally  unaltered.  This  is  evidently  the  effect  of  the  red 
lat  repelling  the  red  pole  oE  the  compass  towards  the  bow, 
with  the  other  iron  of  the  ship  to  produce  a  large 
:■  mast  and  compaaa  being  in  the  same  fore-and-aft  line, 
3  altered,  and  deijpnds  for  its  amount  and  sign  on  the 
i  before  referred  to.  There  is  nothing  unusual  in  the 
except  that  the  'TJndaunted's'  D  ranks  among  the 
wouJeu  vessels. 
3  ralio  of  the  mean  hori/onfal  force  on  board  to  that  ou 
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C,  D,  E  of  the  Bteering-compttssoe  to  be  considered.  For  this  piirpoBe 
there  ia  Dnffident  evidence  in  the  two  sietor  ships,  which  are  atrictly 
comparable. 

The  compasses  are  necessarily  placed  out  of  the  central  line  of  the 
sbipB,  and  diagonally  to  the  most  under  discussion  ;  therefore,  as  shown 
by  the  figures  in  the  Table,  a  transverse  component  is  introduced.  In 
effect  the  iron  maet  has  increased  the  B  of  the  '  TJndaunted's '  steering- 
corapasseB  by  about  16°.  To  the  +  C  of  her  starboard  steering-compasa 
about  11°  have  been  added,  and  at  the  port  steering  a  large  — C  of  I'i^" 
ihows  the  transverse  component  of  the  mast's  force  more  strongly  than 
at  the  starboard ;  but  the  2^°  in  excess  are  probably  due  to  some  other 
cause  not  accounted  for  by  the  observations  made. 

The  A  for  these  compasses  is  large  in  both  ships ;  this  does  not,  how- 
ever, appear  to  proceed  from  magnetic  causes,  but  rather  from  mechanical 
error  in  plainng  the  binacles.  D  and  E  show  the  results  usual  19 
wooden  ships,  except  the  D  in  the  '  Undaunted,'  which  is  slightly 
increased. 

HaWng  thus,  I  think,  defined  the  effects  of  the  iron  miuenmast  of  the 
'  TJndauntfid '  on  her  compasses,  it  remains  now  to  show  what  was  the 
most  desirable  way  of  meeting  them,  and  what  was  actually  done  in  that 
direction. 

The  most  certain  eure  of  the  evil  would  have  been  to  remove  all  the 
compasses  further  away  from  the  mast,  as  far  as  magnetic  reasons  are 
concerned ;  but  this  would  have  entailed  serious  alterations  in  the  arrange- 
ments of  the  ship  which  the  occasion  by  no  means  warranted. 

The  standard  compass  might  have  been  raised  to  a  level  with  the 
neutral  sone  of  the  mast,  but  this  at  the  expense  of  increasing  vibration 
in  the  card  from  greater  length  of  pedestal. 

The  gteering-compasses  being  in  the  most  suitable  position  for  the  use 
of  the  helmsman,  and  there  being  the  standard  compass  as  a  means  of 
comparison  and  obtaining  the  correct  course,  no  change  of  position  was 
necessary.  The  three  compasses  were  therefore  corrected  by  mogneta, 
the  semicircular  deviation  being  reduced  to  the  same  amount  as  in  the 
'Newcastle.'  It  was  not  thought  desirable  to  correct  the  whole  of  the 
semiinrcular  deviation,  as  the  mast,  when  the  ship  should  make  large 
dutnges  of  latitude,  would  probably  add  to  the  changing  part  of  that 
deviation  observed  in  this  class  of  ships. 

dmelusionii. 
The  effects  of  iron  masts  are  these : — 

1.  They  produce  semicircular  deviation,  and  the  objectionable  addition 
to  that  deviation  known  as  heeling-error. 

2.  That  these  effects  need  not  always  be  avdded,  as  in  certun  cases 
they  may  be  made  useful  in  experienced  hands  :  for  e;inmple,  the  prin- 
ripal  mast  in  this  discussion  (o-s  .ih own  in  the  accompanying  sketch,  p..58H\ 
might,  in  an  iron  ship  built  head  north,  be  used  to  correct  the  — B  o'^ 
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the  itMidard  oompus,  and  oppoae  the  downward  poD  of  ti>e  tkipf 
vertical  force. 

3.  That  the  qnadnntsl  demtion  is  al^tlr  inctcMed,  and  tfae  mean 

directire  force  remaiiu  imdistortwd. 

4.  Laatlj,  it  is  niggeated  that,  as  the  magnetic  eaaHtian  at  a  nait 
imj  be  easily  ascertained  b^  canring  a  oompau  nxntd  it  at  slated 
dtataocea  and  parts,  the  mast  may  be  utiUied  or  anaded  as  eaaraaaA. 
A  mmilar  eianunation  of  tbe  mast  in  different  latitodes  wmld  enable  an 
obaerver  to  eliminate  the  effects  of  transient  induced  magnetism  from 
the  sabpermanent.  The  amount  of  deviation  proceeding  from  these  OMsea 
is  known  for  several  classes  of  ships  ;  but  what  part  iron  mssts  sopplj  is 
jret  a  subject  for  inquiry. 
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PBimCD  BT  TATLOB  IKS  PRAITCIB, 


OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 

Hcao  TON  MoHL,  bom  April  8, 180S,  was  the  fourth  of  fiye  brothera, 
al]  of  whom  were  men  of  note,  either  for  public  serviceB  or  intellectual 
ability.  His  falser  vas  eome  time  Minister  at  Wurtemliei^  for  Home 
Affairs  and  Worship,  while  his  mother,  a  person  of  exception^  gifts,  was 
the  daughter  of  Antenrieth,  Finance  Minister  in  the  same  State. 

You  Mohl's  early  education  was  obtained  at  the  Gymnasium  of  hi> 
natiTe  town,  Stuttgart.  In  his  nineteenth  year  (1823)  he  entered  the 
University  of  Tubingen,  where  (in  182S)  he  graduated  in  medicine.  In 
his  inaugural  dissertation  (alluded  to  below)  he  clearly  foreshadowed  the 
course  in  Bcience  in  which  he  was  to  preeminently  excel.  It  was  bis 
father's  wish  that  he  should  devote  himself  to  sui^ory.  This,  however, 
was  distsateful  to  him  ;  and  the  intercourse  into  which  he  was  thrown 
during  the  next  few  years  with  Yon  Mortius,  Zuccarini,  St«inbeil,  and 
other  botanists,  soon  determined  the  direction  of  his  pursuits.  In  1831 
he  contributed  to  the  great  work  of  Marti  us  on  Palms  a  memoir  on  the 
Btracture  of  the  stems  of  those  plants.  In  this  year  he  was  nominated 
first  "  adjunct "  to  the  Botanic  Qarden  of  St.  Petersburg,  a  post  which, 
however,  he  did  not  accept,  owing  to  his  being  appointed  Professor  of 
Physiology  at  Bern,  whither  he  went  in  1832.  After  the  death  of 
Schubler  he  returned,  in  1836,  to  Tiibingen  as  Professor  of  Botany  in  the 
University ;  and  here  he  remained,  notwithstanding  many  brilliant  pro- 
posals tempting  him  elsewhere,  till  the  time  of  his  death.  The  interests 
of  the  University  of  Tiibingen  were  matters  about  which  he  felt  a  keen 
solicitude,  and  the  foundation  of  a  Faculty  of  Natural  Sdence  in  Uiat 
University  was  essentially  his  work.  In  1843  the  Order  of  the  Crown  of 
Wurtemberg  was  conferred  on  him  and  he  was  ennobled.  About  this  time 
he  was  obliged  to  make  a  prolonged  stay  in  South  Tyrol  on  account  <^ 
delicate  health.  Herecovered;  but  although  a  man  of  great  stature  and 
robust  build,  he  appears,  after  he  had  accomplished  his  sixtieth  year,  to 
have  fallen  into  chronic  ill  health.  He  sufEered  from  pleurisy  and  attacks 
of  diarrhoea.  Eventually  he  became  very  reserved  in  manner  and  sub- 
ject to  giddiness.  On  the  morning  of  Easter  Monday,  April  1,  1872, 
having  been  cheerful  and  weU  the  night  before,  he  was  found  dead 
in  bed. 

These  particulars  are  derived  from  the  memoir  which  appeared  in  the 
'  Botanische  Zeitung '  for  1872.  Yon  Mohl  was  elected  a  Foreign  Member 
of  the  Soyal  Society,  March  26, 1868. 

In  describing  fully  Von  Mohl's  scientific  career  and  position,  it  would 
be  necessary  to  write  the  history  of  vegetable  histology.  His  work  is 
practically  coincident  with  the  application  of  the  higher  powers  (€  the 
microscope  to  the  investigation  of  vegetable  tissue.  Confining  himself 
almost  exclusively  to  the  higher  classes  of  plants,  from  the  group  of  Mus- 
dneffi  upwards  (and  n^ecting  the  Algie,  Fungi,  and  Lichens),  there  is 
hardly  a  point  of  any  consequence  in  which  some  research orinrestigatioo 
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s  is  not  the  eolid  fouDdation  of  our  present  knowledge.    The 

[  Scientific  Papers  of  the  Eoya)  Society  enumerates  78  of 

|iot  including  Yarioua  dissertations,  some  of  wLit^h,  along  with 

Diportaiit  of  his  papers,  were  in  1845  collected  and 

a  quarto  vohmie,  under  the  title  of  "  Vermisehte  Schriften." 

.   publications  which  accompanies   the   memoir  in  the 

Eeituag '  gives  the  titles  of  no  less  than  90.      Nor  were  his 

■he  only  way  in  which  he  contributed  totheadvancenientof 

;e  of  the  minute  anatomy  of  piaata.    In  1843  he  commenced, 

J  with  Schlechtendal,  the  'Botanische  Zeitung,'  a  small 

'  periodical  of  eight  pages,  occasionally  illustrated  nHth 

he  continued  to  edit  till  the  time  of  his  death.      The 

s  journal  chronicle,  year  hy  year,  the  gradual  development 

Kopic  study  of  plants,  a  field  in  which  (doubtless  io  no  small 

I  to  the  example  of  Von  Moh!)  German  science  has  reaped  a 

lit  harvest  than  that  of  other  nations.     No  one  can  fail  to 

p  the  thorough  character  of  Von  Mohl's  scientific  ■nork.    Hia 

ways  ready  to  turn  themselves  to  any  part  of  his  subject 

med  to  need   investigation,  or  the  results  of  others  to 

■xaminafiou  or  criticism.     His  papers  are,  in  their  way, 

liitribiitious  to  knowledge."  Escept  when  they  are  controver- 


la  1832  he  also  described  the  moTemeuts  due  to  Irritability  ia  various 
species  of  Bobinia.  In  a  paper  on  Leutioela  he  disproved  the  theory  of 
De  Candolle  that  these  structures  were  in  any  way  dependent  on  the 
production  of  adventitious  roots.  TTia  memoir  ou  the  stems  of  Cycads 
appeared  also  this  year. 

In  1833  he  worked  out  the  anomalous  structure  of  the  stomata  in  the 
Proteacete,  which  Bobert  Brown  had  regarded  as  imperforate  and  had 
described  simply  as  "  gtandulra  cutaneie."  He  contributed  to  the  '  Icones 
Flantarum  Gryptogamicanun  Brasilia '  of  Von  Martius  a  description  of 
the  anatomy  of  the  stem  of  tree  ferns.  Hitherto  the  course  of  their 
vascular  bundles  had  been  supposed  to  be  very  similar  to  that  of  Uouo- 
cotyledons.  Von  Mohl  was  the  first  to  explain  the  structure  of  the  hollow 
fenestrated  cylinder  into  which  the  bundles  are  combined,  and  subsequent 
observers  have  added  little  to  his  account.  In  a  memoir  published  in 
the  '  Flora '  he  described  the  development  of  the  spores  in  various  of  the 
higher  Crypt^^ams.  He  gave  the  first  accurate  account  of  the  develop- 
ment of  the  moBB-capBule,  pointed  out  the  development  of  the  spores  in 
fours  in  one  mother-cell,  explained  the  development  of  the  elatera  of 
Jnngermannite,  and  gave  a  correct  account  of  those  of  Bqmsetum. 

In  1834  he  pubhshed  an  elaborate  paper  on  pollen,  in  which  he  detailed 
an  immense  number  of  observatJons.  It  is  true  he  fell  into  error  in 
regarding  the  external  coat  as  in  some  cases  itself  cellular.  On  the  other 
hand,  he  was  able  to  correct  Robert  Brown,  who,  in  describing  the  pecu- 
liar movements  (which  have  been  caUed  after  bim)  in  the  grannies  of  the 
fovilla  of  pollen,  attributed  to  the  granules  at  the  same  time  a  change  of 
form.  Von  Mohl  also  established  the  development  of  the  pollen-grains 
in  fours  within  each  mother-cell,  thus  indicating  an  analogy  with  the 
development  of  spores  in  Cryptogams. 

The  publication  by  Von  Mohl  in  1835  of  hie  discovery  of  the  multiplica- 
tion of  cells  by  division  ('  Ueber  die  Vermehrung  der  Pflanzenzellen  durch 
Theilung')  in  CladojAora  ghmerata  has  been  the  starting-point  of  all 
subsequent  investigations  into  the  development  of  the  tissues  and  oi^ans 
of  plants.  It  revealed,  in  fact,  the  precise  mode  by  which  vegetative 
growth  is  accomplished.  Mirbel,  in  his  memoir  on  the  development  of 
Marehautia,  communicated  to  the  Academie  des  Sdeuces  in  1831  and 
1832,  but  not  published  till  1836,  had  described  the  formation  of  poUen- 
grfuns  by  the  quadripartit«  division  of  a  mother-cell.  This,  however, 
though  an  extremely  important  observation,  is  not  a  case  o£  growth,  pro- 
perly speaking,  and  does  not  affect  Mofal's  historical  position  in  the  matt«r. 
In  1838  Schleiden  announced  the  multipUcation  of  ceUs  by  the  formation 
of  new  cells  in  Aeir  interior  as  a  general  law  in  the  v^etable  kingdom. 
He  was  supported  byNageli.  The  views  of  Von  Mohl,  developed  as  they 
were  by  Meyen  and  Unger,  eventually  established  themselves.  In  a 
paper  on  the  structure  of  cork  and  bark,  Von  Mohl  described  the  nature 
of  the  tissues  which  enter  into  their  composition,  and  accounted  for  the 
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!r  character  in  different  plants,  eBpecinllj'  the  enfoliatioa 

;  in  such  trees  as  the  Plane. 

lig  year  (1836)  Von  Mohl  developed  his  theory  of  an  inter- 

1  which  the  cella  of  tissues  were  held  to  bo  imbedded. 

I  cement  is  now  known  to  belong  to  the  dell-wails  them- 

t  to  be  a  snbstaueo  independent  of  tbem.     Mohi  indeed, 

ictically  withdrew  his  views  upon  the  matter  ('  Die  vege- 

|,'  1S50).     He  also,  in  1836,  gave  an  aeixmnt  of  the  Bingul»r 

as  (TesluAinaria)  tlipJuxiUlpa. 

[  Mohl  published  the  results  of  his  iaveatigations  with 
They  still  remain  essentially  undisturbed.  He 
hlorophyl-grannles  were  soft  and  homogeneous  bodies,  and 
s  had  boon  supposed  ;  he  detected  in  them  the  presence 
■ageli  having  asserted  that  chlorophyl- granules  possess  ft 
fctniijut.  Von  Mohl  returned  to  the  subject  in  1855,  and 
V  was  untenable.  During  1837  he  also  published  a 
1  the  structure  of  vegetable  membrane,  in  which  he  declared 
1-membranes  to  possess  a  fibrous  structure."  The  objec- 
rved  by  Von  Mohl  is  one  of  very  general  truth,  although  a 
sideratjons  are  now  brought  to  ita  explana- 
n  the  porous  cells  of  Sphagaum  finally  put  to  rest  the 
r  nature.     Ho  contribut^Kl  an  examiaation  o 


final  account  of  the  matter.  In  the  same  year  he  published  his  investi- 
gatiooB  on  the  cutiule  of  plants,  which  he  demonstnted  to  be  oi^ni- 
callj  derived  from  the  epidermic  cells.  He  further  supported  this  view 
in  papers  published  in  1847  and  1849. 

VonMohl'a  reaearches  in  1843  ('Ueber  den  Milchs^uDdseioe  Bewe- 
gung')  demoUahed  Schultz's  analogy  of  latox  to  blood.  They  were  pub' 
lished  in  the  '  Botanische  Zeitung,'  which  waa  started  in  tbia  year. 

In  1844  Ton  Mohl  muntained,  against  the  theory  of  Dupetit-Thooara, 
the  dependence  of  the  growth  of  Dicotyledona  on  the  physiological  activity 
of  leavea.  The  same  year  he  published  bis  remarks  on  the  stmoture 
of  the  vegetable  cell,  which  for  a  long  time  immensely  iofloenoed  the 
course  of  v^etable  histology.  He  regarded  the  cell-wall  as  generally 
composed  of  a  primary  eitemal  imperforate  membrane,  and  a  secondary 
one  usually  perforated  with  apertures.  This  he  supposed  to  be  lined 
by  a  third  membrane,  "  Frimordialschlauch,"  the  primordial  utricle  of 
English  writers.  "  This  membrane  forms  aperfectly  closed,  cell^ike,  thin-' 
walled  vesicle,  which  in  the  fresh  plant  is  closely  applied  to  tiie  inner 
wall  of  the  cell,  and  therefore  escapes  observation ;  while  in  specimeiu 
which  have  been  preserved  in  spirit  it  is  contracted,  and  more  or  less 
detached  from  the  w^  of  the  cell." 

In  1845  Von  Mohl  published  a  memoir  on  the  Flora  of  Wurtemberg. 
It  is  interesting  to  find  a  great  physiological  botanist  engaged  in  work  of 
this  kind,  which  it  is  rather  the  fashion  at  present  to  depreciate.  Von 
Mohl  enters  at  some  length  into  the  causes  which  influence  the  local  dis- 
tribution of  plants ;  and  it  is  in  regard  to  points  of  this  kind  that  he 
attaches  scientific  importance  to  local  floras.  An  examination  of  a  mon- 
strous state  of  Poa  alpina  led  him  to  the  now  generally  received  opinion 
that  the  lower  floral  glume  of  grasses  is  not  a  perigonial  leaf  but  a  bract. 
To  the  same  year  belongs  a  paper  on  the  penetration  of  cuticle  into 
stomata. 

Von  Mohl's  paper, "  TTeber  die  Saftbewegungen  im  Inneren  der  Zellen," 
published  in  1846  (Bot.  Zeit.  p.  73),  has  been  the  starting-point  of  all 
modem  views  about  the  vegetable  cell.  He  first  described  accurately  the 
"opaque  viscid  fiuid  of  a  white  colour,  having  granules  intermingled  with 
it,  which  fluid  I  cailprotopltum."  He  observed  the  vacuolisation  of  the  pro- 
toplasm until  it  forms  a  mere  network.  He  described  the  motion  which 
takes  place  in  the  filament  of  the  network,  "  or  perhaps  now  first  becomes 
visible,"  and  he  measured  its  rate.  Schleiden  gave  the  theory  its  finishing 
touch  in  the  third  edition  of  his  '  Principles '  (1849),  by  identifying  Mohl's 
primordial  utricle  and  circulating  fluid. 

In  1847  Ton  Mohl  confirmed  the  researches  of  Amid  (for  whom  lie 
had  a  high  regard)  on  the  impregnation  of  Orchideee,  which,  in  his  judg- 
ment, made  an  end  of  Schleiden's  theory  as  to  the  origin  of  the  embryo 
in  Phanerogams,  although  the  controversy  was  carried  on  for  some  time 
longer  by  Hofmeister,  Tulasne,  Schacht,  and  Badlkofer.  He  also  pub- 
lished an  elaborate  memoir,  which  has  been  translated  into  both  French 
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which  he  discusses  against  Mulder  the  value  of  the  com- 
Biilphuric  acid  and  iodine  as  a  colour-teBt  for  cellulose,  hii 
insist  on  that  substance  being  regarded  as  the  basis  of  all 

xperimented  with  Hoffman  on  the  function  of  vessels,  but 
jiry  results. 

)ut  in  1851  that  the  formation  of  ehloropbyl  is  in  intimate      | 
ratoplaam,  portions  of  which  it  tinges  in  making  ita  first 

)Qbhshed  a  short,  paper  on  the  grape-mildew, 
researches  on  the  structure  of  "  liber  "  brought  out  some 
cts.     He  had  already  been  the  first  (in  1836)  to  emmine 
care.     He  pointed  out  that  bast-cells  were  far  from  being 
■oiistitiient  of  the  liber  as  had  been  supposed,  and  that  they 
impanied,  or  even  entirely  replaced,  by  the  "  Gitterzellen." 
10  causes  of  the  opening  and  closing  of  stomata  in  1856 
rsteraatic  eiamination  which  the  question  bad  received. 

)U  the  one  hand,  and  Moldenhawer  on  the  other. 
iQ  Mohl  discovered  the  extremely  curious  fact  that  the 
vu  afi   "gum  tragacaiith"   is  produced  by  the  attera- 
la  of  thf  pith  and  medullary  rays  of  various  species  of 

Square,  Edinburgh,  on  the  llth  of  November,  1793.  Hia  mother's 
mfuden  name  was  Jane  Edmond.  It  appears,  from  a  memorandum  in 
Dr.  Grant's  handwriting,  that  he  was  sent  from  home  to  be  nursed,  and 
saw  little  of  either  of  his  parents  during  his  infancy  and  childhood.  He 
had  eight  brothers  and  three  sisters,  all  of  whom  died  before  him  ;  and 
as  none  of  them  left  any  children.  Dr.  Grant  was  the  last  surviTor 
of  his  family. 

When  about  ten  years  old  he  was  placed  at  the  High  School  of  Edin- 
burgh, where  he  continued  for  five  years,  under  the  tuition,  successively, 
of  Mr.  Christison  (afterwards  Professor  in  the  UniverBity),  Dr.  Carson, 
and  Dr.  Adam,  the  Bector,  author  of  the  well-known  work  on  Boman 
Antiquities.  In  1808  his  father  died  ;  and  in  November  of  that  year  Dr. 
Grant  became  a  student  in  the  University  of  Edinburgh,  attending  the 
junior  classes  of  Latin  and  Greek.  In  the  following  November  he 
entered  on  his  curriculum  of  medical  study,  and  during  its  course 
attended  the  several  classes  in  the  Faculty  of  Medicine  under  the  Pro- 
fessors of  that  day.  He  also  studied  Natural  History  under  ProfesBor 
Jameson,  and  attended  the  lectures  of  some  of  the  extra-academical 
teachers.  After  completing  his  course  of  medical  study,  he  in  1814  took 
his  Degree  of  Doctor  of  Medicine,  and  published  his  inaugural  disser- 
tation, "  De  Sanguinis  Circuitu." 

In  the  mean  time  he  had  obtained  (in  May  1814)  the  Diploma  of  the 
College  of  Surgeons,  In  November  of  the  same  year  he  was  elected  one 
of  the  Presidents  of  the  Medical  Society  of  Edinbui^h,  a  place  jastly 
regarded  as  an  honourable  object  of  amtdtion  among  the  young  aspirants 
in  the  Medical  School. 

Bather  more  than  a  year  after  taking  his  degree  Dr.  Grant  went  to  the 
Continent,  where  he  spent  upwards  of  four  years.  During  this  time  be 
visited  vanous  places  of  interest  in  Fiance,  Italy,  and  Germany,  and  made 
a  pedestrian  tour  in  Hungary ;  but  his  principal  stay  was  in  Paris,  Bome, 
Leipsic,  Dresden,  Vienna,  and  Munich,  on  account,  no  doubt,  of  the  varied 
opportunities  for  scientific  study  and  general  culture  afforded  by  these 
foreign  seats  of  science,  art,  and  learning.  He  retiimed  to  Edinburgh  in 
the  summer  of  1820,  and  took  up  his  residence  in  his  native  city.  At  a 
later  time  he  became  a  Fellow  of  the  Edinburgh  College  of  Physicians ; 
but  he  seems  not  to  have  engaged  in  medical  practice — his  career  had 
token  another  direction.  He  had  early  imbibed  a  taste  for  Comparative 
Anatomy  and  Zoology,  and  now  devoted  himself  assiduously  to  the  pro- 
secution of  those  branches  of  science,  both  by  continued  systematic  study 
and  by  original  research.  The  study  of  the  invertebrate  animals  was 
peculiarly  attractive;  and  at  this  time  Dr.  Grant  published  various 
interesting  anatomical  and  physiological  observations  on  mollusks  and 
E00phyt«s ;  and  his  name  vrill  always  be  associated  with  the  advances  of 
our  knowledge  concerning  the  structure  and  economy  of  sponges,  to  the 
investigation  of  which  Dr.  Grant  at  this  time  enthusiastically  ».^^^^\inii- 
self.    The  pools  left  by  the  retiring  tide  on  tVe  A«»e»  ^  ft«'Sa«(i  A 
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I  favourable  opportunities  for  obseiratioii ;  and  he  would 

tatiently  watching  the  phenomena  eihibited  by  these  humble 
sir  native  element, 

raainod  in  Edinburgh  till  1827.  and  in  the  mean  time  com- 

esulta  of  his  various  Bcientiflc  inquiries  to  the  '  Edinburgh 

I  Journal '  and  the  '  Memoirs  of  the  "Wemerian  Society,'  of 

i  an  active  member.     He  was  also  (in  1824)  elected  a 

yal  Society  of  Edinburgh. 

7  Dr.  Grant  was  elected  Professor  of  Comparative  Anatomy 

1  the  newly  founded  University  of  London,  afterwarda 

vas  not  altogether  new  to  the  work  of  teaching, 

early,  though  brief,  experience  in  Edinburgh,  in  1824,  when 

Q  for  Boroe  years  had  delivered  lectures  on  Comparative 

Ing  the  Summer  Seasion,  entrusted  him  with  the  part  of  the 

lelated  lo  the  anatomy  of  invertebrated  animals.   He  entered 

n  London  in  1828,  and  in  October  of  that  year  deUvered  hia 

re,  which  was  pubUshed  at  the  time  and  went  through  two 

s  office  he  continued  up  to  the  time  of  bis  death,  during    ' 

Hod  of  forty-sis  academical  years  he  never  omitted  a  single 

n  which  he  justly  prided  himself.   L'p  to  the  last 

e  continued  to  give  five  lectures  a  week  ;  but,  Bensible 

c  proposed  to  reduce  the  number  to  three  in  ihe  next 


gical  Soinety.  In  l&JT  he  was  appointed  FuUerinn  Professor  of  Phy- 
siology in  the  Boyal  Institution,  which  ofBce  he  heM  for  the  usual  period 
of  three  years.  At  a  later  time  he  was  appointed  by  the  Trustees  of 
the  BritiBh  Museum  to  the  Swiuey  Lectureship  on  Geolc^,  the  tenure 
of  which  is  limited  to  five  years.  In  1841  he  delivered  the  Annn*!  Ora- 
tion before  the  British  Medical  Association.  In  183S  he  was  elected  a 
Fellow  of  the  Boyal  Society  of  Londou.  He  was  also  a  Fellow  of  the 
Iiinnean,  Zoolc^cal,  and  Geoli^cal  Societies. 

Sr.  Orant's  vacations  were  spent  sometimes  in  Scotland,  but  chiefly 
abroad,  in  France,  Germany,  Bel^um,  and  Holland.  On  more  than  one 
of  these  occasions  he  was  accompanied  by  an  intelligent  and  favourits 
Hindoo  pupil.  Dr.  Ghuckert)ut^,  who  afterwards  became  a  Professor  in 
the  GoTemment  Medical  College  of  Calcutta.  Dr.  Grant  seems  to  have 
had  a  special  liking  to  Holland,  which  he  visit«d  and  revisited  seTeral 
times — partly,  no  doubt,  on  account  of  its  scientific  institutions  and 
floological  mueeums,  but  largely  also  for  the  sahe  of  acquiring  the  Dutch 
language.  In  like  manner  he  afterwards  spent  his  vacation  in  Copen- 
hagen, and  worked  hard  at  Banish.  Indeed  it  is  to  be  noted  that  he  had 
«  great  taste  for  the  study  of  languages,  both  practical  and  phllolc^cal, 
and  spoke  the  principal  European  tongues  fluently. 

Dr.  Grant's  lectures  were  reported  in  the  early  Numbers  of  the '  Lancet' 
(1833-34),  and  heafterwards  pubhshed  a  treatise  on  Comparative  Anatomy 
which  embodied  the  substance  of  them.  The  work  came  out  in  parts, 
but  was  not  completed.  He  was  also  author  of  the  article  "  Animal 
Kingdom  "  in  Todd's  '  Cycloptedia  of  Anatomy.'  The  titles  and  dates  of 
his  communications  to  periodical  works  are  given  in  the  Boyal  Sodety's 
'  Catalc^e  of  Scientific  Papers.'  They  are  36  in  number,  and  extend 
from  1825  to  1839. 

Dr.  Gruit  was  a  devoted  lover  of  music,  and  attendance  at  operas  and 
concerts  was  one  of  his  chief  enjoyments  in  his  lattor  years. 

In  August  1874  Dr.  Grant  suffered  from  a  dysenteric  attack,  for  which 
at  first  he  would  have  no  medical  advice ;  and  although  subsequently,  by 
appropriate  treatment,  the  virulence  of  the  disease  was  subdued,  his 
strength  was  exhausted,  and  he  died  on  the  23rd  of  that  month  at  his 
bouse  close  by  Euston  Square.  He  was  buried  in  Highgato  Cemetery, 
attended  to  the  grave  by  a  few  old  friends  and  attached  pupils,  among 
whom  was  his  friend  and  former  companion  ia  travel,  Dr.  Chuckerbntty, 
who  was  then  in  England,  and  two  months  later  was  destined  to  follow 
his  venerated  master. 

Dr.  Grant  was  never  married.  He  knew  of  no  surviving  relatives. 
Three  of  his  brothers,  whose  deaths  he  has  recorded,  were  military  officers. 
Of  these,  James,  a  lieutenant  in  the  Glerman  Legion,  fell  at  the  si^e  of 
BadajoE  in  1811 ;  Alexander,  captain  in  the  Madras  Engineers,  died  in 
the  Burmese  war  in  1825 ;  and  Francis,  captain  in  the  Madras  Army,  as 
already  mentioned,  died  at  Edinburgh  in  1852. 

By  his  will  Dr.  Grant  bequeathed  the  whole  ol  \i\s  ^"to^t\.-^  ,Ssi.'S\.N«Sio% 
TOE.  xxni.  "b 


^  and  library,  t«  Uuiveraity  College,  in  the  aervk-e  o£  \tfhich 
;  greater  port  of  hia  life,  and  to  the  principlefi  of  whicb 
lely  attached. 


!,  C.E.,  paat  President  of  the  Institution  of  Civil  Engi- 

a  August  30,  1794.     He  first  assisted  his  father,  the  lat* 

a  building  t>oth  Southwark  and  Waterloo  bridges.'    After 

;  father  in   tS21  he  succeeded  him  as  Kngioeer  to  the 

Ipost  he  held  for  ten  years.     Among  his  more  important 

Tndon  Bridge  (for  which  he  received  the  honour  of  kiiighl- 

9  Dockyard,  the  completion  of  Kamsgate  Harbour  and 

water  (commenced  by  his  father),  the  Earl  of  Lonsdale's 

a  portion  of  those  at  Cardiff,  and  the  carrying  out 

lof  years  of  the  great  system  of  drainage  and  land  reclama- 

Ticolnshire  fens,  also  works  at  NonTy  and  Duudalk.    He  was 

1  noble  work  on  Harbours,  of  which  Her  Majesty  wna 

Baaed  to  accept  the  dedication,  and  for  which  he  received 

r  from  their  Imperial  Majesties  the  Emperors  of  Russia 

lalso  of  a  monograph  on  Plymouth  Breakwater,  and  a  small 

ligineering  in  the  form  of  a  Presidential  Address  to  the  In- 

TSvil  Engineers.      In  conjunction  with  his    late   brother, 

i  contributed  to  introduce  the  screw-propeller  into  the 


Lahbxbt  Asolphx  JAoavza  Qitstelet  was  bom  at  Ghent  on  the 
22nd  of  Februaiy,  1706.  He  had  the  misfortune  of  losing  his  &ther  at 
the  early  age  of  seven ;  and  the  poverty  of  his  family  obliged  him  to  seek 
his  ovu  livelihood  at  once  on  leaving  the  Lycfe.  He  obtained  an  appoint- 
ment aa  teacher  of  mathematics,  drawing,  grammar,  &c.  in  a  school  at 
Oudenorde.  At  the  end  of  a  year  he  returned  to  Ghent ;  and  in  February 
1815,  the  very  day  on  which  he  completed  his  nineteenth  year,  he  was 
appointed  to  the  Chiur  of  Mathematics  at  the  New  CoUege,  which  had 
replaced  the  Lyc^.  This  appointment  was  not  a  brilliant  one ;  but  with 
tiie  private  lessons  which  he  had  the  opportunity  of  giving,  it  afforded 
him  a  subsistence,  and  he  had  the  satisfaction  of  feeling  himself  inde- 
pendent. He  had  even  some  leisure  to  devote  to  science,  his  flute, 
drawing,  and  to  literary  composition.  About  this  time  he,  in  conjunc- 
tion with  his  intimate  &ieud  and  former  schoolfellow  Daudelin,  wrote 
an  opera,  entitled  "  Jean  Second  ou  Charles  Quint  dans  les  murs  de 
Gand,"  which  was  favourably  spoken  of.  Dandelin  soon  afterwards  left 
Ghent ;  and  Gamier,  who  had  become  Professor  of  Mathematics  at  the 
University  of  Ghent,  persuaded  Quetelet  to  return  to  science.  He 
studied  the  higher  mathematics  under  Gamier,  and  at  the  same  time 
assisted  the  latter  by  giving  some  of  his  lectures. 

In  1819  he  took  the  degree  of  Doctor  of  Science,  the  first  conferred 
in  that  University.  On  this  occasion  he  gave  a  brilliant  inaugural 
address,  in  which  he  made  known  his  discovery  of  a  new  curve  of  the 
third  degree. 

This  discovery  of  the  "focale"  was  much  noticed  in  the  'Ajinnles 
Belgiques '  and  in  the  '  Mercore  Beige,'  and  was  spoken  of  by  Gamier 
and  Baoul  as  a  great  honour  to  the  newly  founded  university. 

At  the  beginning  of  August,  M.  Falck,  Minister  of  Public  Instruction, 
came  to  Ghent,  and  was  present  at  the  laying  of  the  first  stone  of  the 
New  University  Buildings.  Quetelet  was  on  this  occasion  presented  to 
M.  Falck,  and  the  strong  recommendation  of  him  by  two  such  men  as 
Gamier  and  Kaoul  led  to  his  appointment  shortly  afterwards  to  a  Pro- 
fessorship of  Elementary  Mathematics  at  the  Athennum  of  Brussels. 

This  appointment  was  made  in  the  beginning  of  October ;  and  by  a 
private  arrangement  Qnetelet  engaged  to  give  one  quarter  of  his  salary 
to  his  aged  predecessor,  M.  Delhaye,  as  a  retiring  pension. 

In  BrusselB  Qnetelet  soon  became  intimate  with  the  French  refugees, 
David,  Arnault,  Ac.,  besides  frequenting  the  society  of  artists  and  literary 
men,  and  the  theatres,  where  Talma,  Mademoiselle  Mars,  &c.  gave  a 
series  of  performances  each  year. 

At  this  period  he  composed  various  verses,  and  published,  in  the 
'  Annales  Belgiques,'  in  the  year  1825,  an  "  Bssoi  but  la  Bomance." 

On  the  24th  of  February  Quetelet  was  made  a  Member  of  the  Boyal 
Belgian  Academy  of  Sdence,  receiving  the  diploma  from  Yan  Hulthem. 

^e  first  memoir  he  presented  to  the  Academy,  «ft«r  \«a  iww^iwssi, 
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Ith  of  October,  1820,  and  was  entitled  "M<!moi«  sur  une 

■rale  pour  determiner  la  Burfaee  d'un  polvgone  fornid  sur 

r  des  arc8  de  granda  ou  do  petits  cercles,  disposes  entre 

iwre  que! cot) que." 

ig  are  tiie  titles  of  other  papers,  also  read  in  the  Academy, 

liber  182IJ  and  February  182(3  :~ 

mchoVdefl  Circulaires."     Note  to  "  Mtimoire  eur  les  Caus- 

(imoiro  sur  une  nouvelle  maoi^re  do  consid<?rer  lea  Caus- 

tes  Boit  par  Eeflesion,  soit  par  Bt^fraction,"     "  B^sum^ 

!  Tln5orie  dea  CauBtiqueS,  suivi  de  diff^rentes  opplicaticms 

s  projections  st^'r^ographiquca."     "Dt^monstration  et  dere- 

osearchos,  already  noticed  by  Gergonne  and  other  diatin- 
■triciauB,  were  particularly  remarked  on  by  Chasles,  aftfr 
ndance  Mathi^matiqui?  et  Physique '  had  given  them  greater 

memoira  by  Quetelet,   inserted  in  the  collection  of  the 

1  remain  to  he  noticed — the  "  M^moire  sur  quelques  coq- 

|>liiques  des  orbites  plane! aires "  and  the  "M^moire  sur 

ts  de  Geometrie  A  troia  dimensions." 

ipondance  Mathematique  et  Physique,'  already  mentioned, 

■yj^^nmieymt^iiPtele^jirlWiUh^l^ 

audiences  of  all  cl&sBes  of  society.  lie  had  a  true  ff&  for  ezpoaition, 
and  could  with  very  simple  apparatus  make  himself  clearly  underitood. 
In  fact  he  objected  to  complicated  instruments,  and  said  of  them  that 
they  often  serve  only  to  distract  the  attention  from  the  results  which  it 
is  the  object  of  the  lesson  to  explain. 

Qnetelet  composed  several  elementary  works  for  his  public  courses  of 
instructdon.  The  first  in  date,  "  On  Elementary  Astronomy,"  appeared  in 
1826  at  Paris,  in  the  '  Bibhoth^que  Industrielle  de  Malher,'  and  was  fre- 
quently reprinted  in  France  and  Belgium,  and  translated  into  several  lan- 
guages. In  1627  he  published  a  much  more  complete  work,  his  '  Astro- 
nomic Fopulaire.'  This  latter  was  shortly  followed  by  '  Les  Positions  de 
Physique,'  which  is  considered  superior  to  the  'Astronomie/  He  ende*- 
Toured  subsequently,  in  a  little  volume  entitled  "  De  la  Chaleur,"  to  put 
into  practice  his  idea  of  founding  instruction  in  Elementary  Physics  on 
experiments  within  reach  of  all.  Hia '  intention  was  to  foUow  this  up 
by  similar  treatises  on  Magnetism,  Electricity,  and  Light.  Quetelet 
wrote  the  chapter  on  Acoustics  in  the  '  Physique,'  contributed  by  M. 
Fbteau  to  the  '  Encyclop^e  Populure.'  Finally,  he  published  in  1828 
'  Instnictions  Populaires  sur  le  Calcul  des  Probabilittis,'  which  was  a 
resume  of  the  lessons  he  had  been  giving  for  several  years  at  Brussels. 

His  public  courses  of  lectures  had  been  more  and  more  successful 
ever  since  1824.  The  government  now  deemed  it  advisable  to  organize 
other  lectures  of  the  same  kind ;  and  towards  the  end  of  1826  the  Admi- 
nistrator General  Yan  Ewyck  requested  of  Quetelet,  on  the  king's 
behalf,  a  report  on  the  matter,  and  on  the  17th  December  the  Museum 
of  Science  and  literature  was  established  by  a  royal  decree  at  Brussels. 
Quetelet  was  chosen  for  the  Chair  of  Physics  and  Astronomy ;  but  as  he 
already  gave  courses  of  lectures  on  these  suhjecte  in  his  capacity  of 
Professor  at  the  Athenteum,  he  obtained  leave  to  give  a  course  on  the 
History  of  Science  at  the  Museum.  He  did  not,  however,  long  ctm- 
tinue  to  give  this  course,  as  he  left  the  Atheneum  at  the  beginning  of 
the  year  1828,  when  he  transferred  his  courses  of  Physicfl  and  JiJtronomy, 
which  he  had  been  giving  at  the  latter  institution,  to  the  programme  of 
the  Museum,  and  these  he  continued  to  ^ve  until  the  close  of  the  session 
1833  and  1834. 

The  usefulness  of  the  Museum  vaa  much  diminished  by  the  Bevolution 
of  1830 ;  and  after  languishing  for  a  few  years  that  institution  was  finally 
absorbed  in  1834  by  the  Free  University.  A  proposal  was  made  to 
Quetelet  to  join  the  Free  University ;  but  this  he  declined,  stating  that 
he  considered  such  an  appointment  to  be  Inconsistent  with  his  duties  at 
the  Observatory,  to  which  he  had  been  appointed  on  condition  of  sot 
taking  any  other.  He  proposed,  however,  to  continue  his  oouraes  at  the 
Observatory,  those  of  Physics  and  Meteorology  during  the  winter,  and 
that  of  Astronomy  during  the  summer  evenings.  ^Hus  proposal  wu 
pot  acceded  to ;  and  Quetelet  for  a  short  time  gave  up  public  t^hin^^  W 
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already  been  engaged  for  tweutj-  years.     He,  however, 
ou  it  again,  for,  by  a  royal  decree,  Jan.  6,  1836.  he  was 

fi'SBor  of  Astronomy  and  Geodesy  at  the  Ecole  Militaire. 
■me  he  paid  mufh  att-eution  to  falling  stars,  and  gave  a 
tormining  the  height  of  ai-rolitee,  by  making  simultaueous 
•om  different  jKiiuts.     He  also  made  experiments  on  Die 
1  inclination  oE  the  iiecdJe. 

1  very  earnest  views  oa  the  aubjoct  of  education,  and  be 
iiim  to  make  them  publicly  known — once  under  the  Govem- 
)w  Countries,  once  after  tho  Kevolution  of  1830. 
mission  instituted  by  King  WUham  in  1828,  he  was  one 
iiiority  who  wished  to  emancipate  pubhc  instruction.     He 
duction  of  the  number  o£  Uuiversitiea,  and  the  establish- 
'olytechuiu  Schools— one  for  the  northern  provinces  of  tho 
jlher  for  tho  southern  provinces.     Finally,  he  maintained 
lad  como  for  substituting  the  use  of  modem  hinguages  for 
stiU  in  use. 

23  and  1H32  Quctelet  was  much  occupied  with  StatiBtics  : 
*  he  published  on  this  subject  have  perhaps  contributed 
others  to  popularize  liis  uame. 
emoir  was  read  to  the  Academy,  and  entitled  "Mcmoire 
laissanccs  ct  de  la  mortahte  i  liniscUes." 

Qaetelet  had  beeu  deputed  by  Qovemineut  to  attead  the  Meeting  of 
the  Britigh  Association  for  the  Advancomcnt  of  Science  wUch  was  to 
be  held  at  Cambridge,  beginning  on  the  26th  of  June,  1833.  He  went 
by  Paris,  where  he  read  at  the  Institute  his  memoir  on  Mortality. 

At  Cambridge  he  took  a  warm  interest  in  the  eatablishmeDt  of  the 
Statistical  Section,  of  which  Malthus,  Babbage,  and  other  savanU  became 
members. 

In  London  be  was  summoned  before  an  Inquiry  Commission  insti- 
tuted by  Parliament,  to  furnish  information  on  the  mode  of  keeping 
the  Civil  Blisters  of  Belgium,  and  on  the  Census  of  the  1st  of  January, 
1830. 

Quetelet  was  one  of  the  most  active  members  of  the  Academy  of 
Sciences  at  Brussels,  and  was  always  very  desirous  of  promotmg  its  inde* 
pendence.     In  1834  he  was  appointed  Permanent  Secretary. 

In  1835  he  brought  out  an  '  Annuaire  de  I'Academie.'  About  tiiia 
time  also  he  wrote  for  the  British  Assotnation  a  paper  of  great  interest, 
entitled  "  Aper^u  de  I'etat  actuel  des  Sciences  Mathematiques  chez  les 
Beiges." 

QuetcJet  was  appointed  by  the  House  of  Bepresentatives  one  of  the 
Central  Jury  of  Science.  He  retained  these  functions  for  some  time, 
ond  showed  great  kindliness  and  sagacity  in  discharging  them. 

In  the  course  of  the  year  1835  there  appeared  at  Paris  the  chief  of  all 
Quetelet's  works,  "  Sur  llionune  et  le  d^veloppemeot  de  ses  facultes,  on 
£sB^  de  Physique  Sociale."  It  was  a  resume  of  all  his  previous  works 
on  Statistics. 

In  February  1836  Quetelet  was'  charged  with  the  execution  of  a  Boyal 
Decree  for  the  establishment  of  a  little  meridian  in  the  cities  of  Antwerp, 
Ostend,  Bruges,  Ghent,  and  Liege,  and  for  placing  a  meridian-instrument 
on  the  walls  of  the  Cathedrals,  Hotels  de  Ville,  or  other  suitable  buildings 
of  forty-one  different  towns. 

In  August  1839  Quetelet  made  a  journey,  in  company  with  bis  wife, 
in  France,  Italy,  and  Tyrol.  His  object  was  threefold.  In  the  first 
place,  he  was  to  compare,  in  conjunction  nith  his  fellow  commissioners, 
Messrs.  Dumortier  and  Teichman,  the  standard  weights  and  measures  of 
Belgium  with  those  of  France  ;  secondly,  he  was  to  attend  the  Congrees 
of  Savants  at  Pisa ;  and  thirdly,  he  purposed  to  revise  the  determinations 
of  magnetic  intensity  obtained  in  1830,  of  the  correctness  of  which  he 
entertained  some  doubts. 

At  the  sitting  of  the  7th  December  the  Academy  received  a  report  of 
the  proceedings  of  the  Commission  in  the  month  of  August ;  and  Quetelet 
also  presented  the  results  of  the  Magnetic  Observations  which  he  had 
made  in  Tyrol  and  Italy. 

In  1639  Quetelet  communicated  to  the  Academy  a  new  Catali^e  of 
the  most  remarkable  appearances  of  falling  stars — the  second  which  he 
had  made,  for  he  had  early  tamed  his  attention  to  this  subject.    V.*^ 


Irer,  to  have  been  ia  some  uucertaiuty  as  to  the  nature  of 

IS  marked  at  the  Obaorvatory  by  the  commencement 

n  the  flowering  of  plants,  and  in  the  month  of  January 

I  first  of  a  aeries  of  monthly  magnetic  observationfl.    These 

i  were  made  at  the  suggestion  of  the  Eoyal  Society  o£ 

in  the  year  1839  that  Quetelet  was  elected  a.  Toreigii 

3yal  Society;  and  in  May  1841  these  observations  were 

t«uded,  and  were  thenceforth  made  regularly  day  and  night 

wo  hours. 

I  important  period  of  Quetelet's  life.  He 
■he  time  was  past  for  individuals  to  promote  the  advance- 
Ire  by  their  isolated  efforts,  and  that  further  investigations 
J  be  conducted  by  people  associated  together  in  academic 
mi2  he  drew  up  a  set  of  instructions  as  to  the  choice  of 
reports.  These  instructions  embraced  Meteorology  and 
raphy  and  the  Animal  Kingdom. 

t  published  "  Lettres  ik  S.A.K.  le  due  regnant  de  Saie 
Lhiiorie  des  probabihtes  applique's  aux  Sciences  Morales  et 
lewed  by  Sir  John  Hersohel  in  the  *  Edinburgh 
1  afterwords  he  published  a  work  entitled  "  Du  Sysf^mo 
li  lo  rogissent." 


acconntB  vere  first  imerted  in  the  'Mitamiea'  of  the  Academy,  and  those 
on  the  atmoepberic  waves,  which  had  appeared  successiTely  in  the 
'  Annalea '  of  the  Obserratoiy,  were  afterwarda  united  with  other  works 
on  meteorology,  and  published  under  the  title  "  9ur  le  Gimat  de  la 


Quetelet  marrted  in  1825  a  daughter  of  M.  Cortot,  a  French  physician, 
and  niece  of  the  well-known  chemist  Professor  van  Mons,  a  highly 
accomplished  lady,  by  whom  he  had  a  son  and  a  daughter.  He  was  very 
hospitable,  and  entertained  at  hia  house  persons  of  distinction  who  came 
to  Brussels — artists,  savants,  literary  men,  and  politicians  of  all  parties. 

In  July  1855  he  was  seised  with  a  fit  of  apoplexy,  which  was 
pronounced  by  the  physidans  to  be  serious.  Hia  memory  was  much 
injured  by  it,  although  after  a  week  or  ten  days  he  wished  to  resume 
work  ;  and  in  the  September  following  he  was  able  to  be  present  at  the 
public  Meeting  of  the  Section  of  Fine  Arts. 

He  continued  to  work  during  the  remaining  years  of  his  life ;  and,  in 
fact,  when  misfortune  came  heavily  upon  him  by  the  loss  of  his  wife,  luB 
daughter,  and  several  of  his  grandchildren,  work  became  his  only  con- 
solation. 

Hia  sou,  M.  Ernest  Quetelet,  had  now  taken  the  direction  of  the 
Observatory,  and  Quetelet  occupied  himself  with  Meteorology,  Phy- 
sical Geography,  and  Statistics.  He  continued  to  preside  at  ibe  Cen- 
tral Commission  and  assisted  punctually  at  the  International  Con- 
gresses of  Statistics,  which  were  held  in  the  great  capitals  of  Europe. 
Six  months  before  hb  death  he  made  the  fatiguing  journey  to  St.  Peters* 
burg  in  consequence  of  a  pressing  invitation  from  the  Grand  Duke  Con- 
stantine,  under  whose  auspices  the  Statistical  CoDgress  was  to  be  held. 
Neither  the  fear  of  cholera  nor  the  anxious  entreaties  of  his  family  could 
deter  him  from  this  enterprise.  On  his  return  he  seemed  refreshed, 
having  1)een  pleased  by  his  reception.  About  this  time  also  he  had  been 
made  an  Aasodate  of  the  Academy  of  Moral  and  Political  Science  of  the 
Institute  of  France  ;  and  ten  days  afterwards,  in  a  congratulatory  address 
sent  to  the  Boyal  Academy  oE  Belgium  on  the  occasion  of  the  hundredth 
anniversary  of  its  foundation,  the  Academy  of  Sciences  at  Berlin  pro- 
claimed him  the  founder  of  a  new  science. 

To  the  last  he  was  punctual  in  fulfilling  his  duties  as  Perpetual  Secre- 
tary of  the  Academy.  On  Monday,  February  2,  1874,  although  already 
sufEering  from  the  attack  of  bronchitis  which  carried  him  oS  a  fortnight 
later,  he  was  present  at  the  Literary  Section.  On  the  Thuraday  he  went 
for  the  laat  time  down  to  his  study,  and  was  with  difficulty  prevented 
from  going  to  the  Meeting  of  the  Fine-Art  Section.  He  became  rapidly 
worse,  uid  expired  on  the  17th  of  February. 
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